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PREFACE. 



The literature of Electric Lighting is already ex- 
tensive, but when regarded from the working electri- 
cian's point of view it seems to leave much to be 
desired. Perhaps no branch of science carried into 
practice has been so generally favoured with the 
attention of eminent mathematicians as electricity. 
It is more than probable that, owing to this fact, the 
study of electric lighting is generally presented to 
beginners with a bias unduly favouring the mathe- 
mattcal aspect of the question. It is, of course, well 
known that it is impossible to study electricity with- 
out the aid of the higher mathematics. But only a 
limited number of those engineers who desire to 
acquire the knowledge necessary for every-day pur- 
poses are acquainted with even the symbols of the 
calculus ; and as so many previous writers of works on 
electric lighting are profound mathematical thinkers, 
a great deal of what has already been written (and 
which is, no doubt, most pregnant with thought) is, 
for the present, not available to the average reader. 

There can be little doubt, therefore, that there is a 
great want of teachers who will not attempt to soar 
above the mental capacities and attainments of men 
who have received only a general education 
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Vlll PREFACE. 

The present volume is intended as an attempt in 
this direction. It consists mostly of the every-day 
notes of a working electrician, expressed in the sim- 
plest available language. It is addressed to intelligent 
men already engaged in the work of electric lighting, 
or training for it ; and it more especially refers to the 
branches known as "fitting" or "wiring." The con- 
tents of the book will be found arranged more in 
accordance with the natural sequence of the work 
of electric lighting than in relation to the relative 
importance of the subjects. A general knowledge 
of electricity, and particularly of electric lighting, 
has been assumed on the reader's part. No attempt 
has been made to form a text-book, or to teach 
trained electrical engineers any part of their busi- 
ness: it is assumed that these gentlemen need no 
instruction from books. But some of the facts and 
methods dealt with in the following pages may, 
nevertheless, prove both new and useful even to 
experts. 

The author gratefully acknowledges the encourage- 
ment that has been so fully accorded to his work on 
" Electric Light." He has also to thank those electri- 
cians who have kindly assisted him with informa- 
tion for the present volume, and the firms who have 
granted permission to publish diagrams of their latest 
productions. 

June^ 1890. 
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CHAPTER I. 

CENTRAL STATION WORK. 

The duties that fall upon the electrician in charge at 
a central distributing station vary considerably at 
establishments of different capacities. But those who 
are training for responsible posts of this nature, 
whether they aspire to the care of a City central 
station or to the charge of a simple " installation," 
will find it essential to be familiar with the following 
leading facts and principles : — 

(i.) The particular fields of application of the 
separately excited dynamo machine (this type of 
dynamo may be considered a magneto machine, as 
well as the obsolete permanent magnet type). The 
uses of the series-wound dynamo. The particular 
application of the shunt-wound machine. The mean- 
ing of compound winding in its two main branches 
of what Professor S. P. Thompson terms short-shunt 
compound and long-shunt compound. 

(2.) How to produce constant current from a 
dynamo. How to produce constant potential. The 
particular application of constant current and con- 

B 
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2 CENTRAL STATION WORK. 

stant potential must be known; e.g.y a constant 
*IJV^nti^ .ttyjv^ijiQ will not necessarily run arc lamps 
In*seri6s;'n0f*wiii*a merely constant current machine 
•V. : itlii;ihjcaiidescfe5rt.laiips in parallel. 
(3.) "fhe'dlfernafe-current dynamo, separately ex- 
cited, is rising into importance, but its peculiar 
features are easily grasped by the student. The 
various methods of raising and lowering potential in 
this form of dynamo, by " coil grouping " and speed- 
ing, and varying the field must be familiarly known. 

(4.) The nature of the magnetic circuit in a 
dynamo, and the meaning of " magnetic leakage " as 
applied to the machine. 

(5.) The general management ot dynamos, embody- 
ing foundation work ; speeding ; belting ; governing, 
mechanically and electrically ; treatment of the com- 
mutators and brushes and bearings. 

(6.) Testing for faults or electrical leakage in 
dynamos, in mains, in branches, and in sub-branches 
(sometimes called "twigs"). 

(7.) The methods of running dynamos in parallel 
(particularly alternators used in incandescent lighting) 
and in series. 

(8.) The application of voltmeters, ammeters, and 
other measuring instruments used in a supply 
station. 

Separate Excitation, — Although formerly used 
chiefly for installations of arc lamps in series, 
separately excited dynamos are now largely used for 
incandescent lighting. In large distributing stations 
separately excited machines are almost exclusively 
(invariably so if alternators) used for feeding into 
the mains. The separate current is generally 
obtained from a smaller dynamo, series or shunt, 
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DYNAMO EXCITATION. 3 

and sometimes compound-wound. The diagram 
(Fig. i) is intended to show the disposition of the 
wire upon the separately excited machine, x re- 
presents the extremities of the field magnet coils, 
which are connected direct to the exciting machine ; 
a shows the armature, commutator, and brushes, the 
current from which is led off as + — into the main 
wires of the lighting circuit. 
Regulating devices of various kinds are frequently 




Fig. I. — Separate Excitation. 
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Fig. 2. — Series Winding. 
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Fig. 3.— Shunt Winding 



used, and placed upon the exciting machine circuit. 
A few of these are explained further on. 

Series Winding. — For arc lamps placed in series, 
upon a circuit, especially if the demand for current be 
constant, as in street lighting, no arrangement has 
been found so generally serviceable as series winding. 
In this form of the machine the whole current from 
the armature circulates through the field coils. Such 
machines, to work satisfactorily, are generally made 
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4 CENTRAL STATION WORK. 

with comparatively light field magnets, and with 
numerous convolutions on the armature. Fig. 2 re- 
presents diagrammatically the course of the current 
in a series dynamo. 

But series dynamos are very generally used upon 
circuits in which the number of lamps varies or the 
call for current is not constant. In such cases the 
machine is regulated by automatic devices introduced 
into the main circuit. One form of dynamo 
(Thomson-Houston) is provided with a very efficient 
arrangement for shifting the position of the brushes 
upon the commutator as the current varies, and so 
causing the machine to evolve more or less current as 
required. Another dynamo (Brush's) is provided 
with a regulator which shunts off the exciting part of 
the current from the field in such proportion as may 
be required. 

Shunt Winding. — ^It has been said that the series- 
wound dynamo is chiefly used for arc lighting, 
because it is well adapted for producing constant 
current as distinguished from constant potential^ which 
is essential in the running of incandescent lamps. 
The aim of a builder of dynamos for incandescent 
lighting is to produce a machine in which the arma- 
ture resistance shall be exceedingly small. As this 
resistance bears a very small proportion to that of the 
exterior part of the circuit such a machine is found 
to be nearly self-regulating, especially when wound 
in the manner known as " compound^ 
' Fig. 3 represents the arrangement of the winding 
in a common shunt machine. A continuous balancing 
of the current goes on in such a dynamo. The 
current, as it is taken off the commutator by the 
brushes, is divided in the inverse ratio of their 
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If th^^^ 
of th^ -^c::! 

so stx-^^^^^^ 



respective resistances i:3^t-w-^^rx 

the exterior, or lami>, c^iitrc^xxit:- 

increases, a larger px-oi><z>xTt::iori 

through the shunt fi^Xd c^oiXs, 

whole current. If tHe X<z>a,ca. of lamp^ r^"^-^^ 

the process is the rev^rs^ of -this. ^^ ^ 

Compound WindiTT.^. lE^ox- c^onstant ^-^ 

ing, as in the running- of ixic^a-iticJesceiit: /^^^-^ 
advantage is gained, "by tXx^ ixiotliodsof" .^^^'^i: 
field coils known as coim]poxin.c3. In tii^ ^^cf- 
which is becoming very ^^^^z^-rxxTcrxon, two s^^ "^"^^ 
employed to excite tlxo fioXci, both seri^^ ^"^ 
In one form the ex.tirom.it:ios of tlie shuix^ ^ ^^ 
nected to the termixi.a.ls of tlao ma,in ciV^ ?^^^ 
generally spoken of as a /itp:^^ s/iune^ ^t. 
form the shunt is oonnocted to tlie ^rxx^^^ 
machine, known sts £t s/i^o^^ sAt^^f. As ^^^ 
series coils are woxxnd first upon ^^^.^ag-:^^ ^^ 
shunt coils upon fho ontside. Sometimes trj^^* '^ 
is the reverse of tlxis ; or tliey may occujp, ^^ 
position with regarcL to tlie core, and \i^ ^icj^ i^^ 
The series coils aro sliort and thick; th^ sft,, ^: 
usually long and tlxin. The shunt coil i^ ^"^^1 
arranged that tlxo machine will readily e^ej^^ 
at low speed, ze;>^^^ the exterior par Uon of ^^^ ^^^ 
open. ^^ 

Hand ana. Automatic Regrulation, 
Neither shnxxt nor compound J^^^^^^^^^ 
found to meol. t:lx^ ^^igencxes ^^ .^" "^^^^^^^^^ 
necessities o£ i:lx« <iiff^^^f P^^^f^^^^l^^^^ 
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6 CENTRAL STATION WORK. 

itself. In the management of dynamos it is essential 
to understand the nature of the regulator, if one be 
used, and we therefore select for examples three 
methods, now very generally employed, both in 
isolated plants and in central stations. 

Hand Regulator. — The device shown in Fig. 4 was 
introduced by Edison. It consists essentially of a 
shunt-wound dynamo, having in the shunt portion 
of the circuit a rheostat R, by means of which more 
or less resistance can be thrown into the shunt. 




Fig. 4.— Edison Regulator. 

Between each pair of studs is introduced a coil of iron 
wire, and, as the studs are connected in series, move- 
ment of the lever up or down will vary the length of 
resisting wire through which the shunted exciting 
current has to pass. This arrangement will be found 
very serviceable when the demand for current is fairly 
constant, or for adjusting the dynamo to a gfiven 
number of incandescent lamps which are expected to 
be simultaneously alight. It is even in use in central 
distributing stations, chiefly for the incandescent 
lamp circuits. 

Automatic Regulation. — ^11 the demand for current is 
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brush's regulator. 7 

variable, as in arc lighting or in public incandescent 
lighting, automatic quick-acting regulators must be 
used. 

A very efficient form is employed by the Brush 
Company, chiefly for arc lighting, the simplest ar- 
rangement of which is represented as a diagram in 
Fig. 5. It may be used upon a series-wound dy- 
namo, a represents an ordinary electro magnet 
(usually a pair of solenoids, with movable cores. 



n 1 


1 


<_— 


> 








' Fig. 5. — Brusb's Regulator. 

are used), the coil of which is in the main circuit 
from the dynamo c. When the current is normal 
this magnet exerts a gentle pull upon its arma- 
ture. If several of the lamps in circuit become 
extinguished the current thereby increases rapidly. 
The regulator is designed to step in at this point and 
shunt off a portion of the current exciting the field 
magnets. This is effected by means of a carbon resist- 
ance column, consisting of a pile of carbon plates. 
In its normal position the electro magnet armature 
keeps the discs apart, but when the current from any 
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cause becomes abnormally strong its pull increases, 
the carbon pile is compressed, and a proportion oi 
the exciting current is thereby short-circuited through 
it. The effect is to weaken the field and to reduce 
the potential and current. The property of carbon so 
arranged to vary its resistance in response to a slight 
pressure renders this form of regulator singularly 
efficient. 
Lately Mr. Geipel added a relay to this arrange- 




Fig. 6. — ^Thomson-Houston Regulator. 

ment, by means oi which it is rendered still more 
sensitive. It consists essentially of another double 
solenoid, controlling two contacts with the regulator 
solenoid wires. Upon an increase or decrease of the 
current taking place the relay instantly weakens 
or strengthens the action of the regulator coils, thus 
giving to the whole arrangement a double control, tor 
while the regulator adjusts for the field magnets the 
relay adjusts for the regulator. 

Representative of another type of automatic regula- 
tor. Fig. 6 shows as a diagram the arrangement of the 
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Thomson-Houston device as applied to the dynamo of 
that name. ^ is a straight electro magnet, with a polar 
extremity of conoidal form, over which the ring-like 
armature be moves when attracted. This form of pole 
and armature is used also in the Thomson-Houston 
arc lamp. It is adapted for imparting a long pull to 
the armature without the liability of coming into con- 
tact. 

This electro magnet, the construction of which is 




Fig. 7.— Portion of Thomson<Houston Regulator. 

shown in Fig. 7, is placed in the main circuit of the 
machine, and its function is to adjust the position of 
the brushes upon the commutator of the machine e. 
It is well known that a change of the brushes from 
the normal position will result in a diminution of 
current. Normally the electro magnet is supposed to 
be short-circuited, through the by-pass wiire leading 
to dy and is only brought into play by any increase or 
diminution of the current due to lamps being taken 
off or put on, or other minor causes. The electro 
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magnet is thus controlled by the current itself by 
means of the electro magnetic solenoids 5, which are 
included in any convenient part of the circuit. These 
solenoids are more clearly shown in Fig. 8, and their 
function is either to skort-ctrcutt the brush regulating 

magnet a or to put it 
in circuit. Referring to 
Fig. 8, the cores of the 
solenoids C are sup- 
ported in position by a 
spring S, and they carry 
upon their yoke a con- 
tact point O. If the 
current increases in 
strength, the solenoids 
pull up the cores and 
break contact at O, so 
throwing the regulating 
(brush) magnet into the 
circuit. Reverting to 
Fig. 7, the lever A and A' 
carries a small air dash-pot s, to obviate jerky action of 
the parts, and in practice this lever is continuously vi- 
brating and adjusting the brushes to the consumption 
of the current. The resistance r, Fig. 6, is usually 
composed of carbon, and is very high, its function being 
to absorb the destructive sparking which would other- 
wise occur at the contact e. The coils fm represent 
the electro magnet of the dynamo. The Thomson- 
Houston commutator is distinguished by the air-blast 
arrangement used to blow out the sparks evolved 
there. This sparking cannot well otherwise be got 
rid of in an armature of high tension with only three 
parts or coils. The high tension sparking is not, 




Fig. 8.— Portion of Thomson-Houston 
Regulator. 
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however, so destructive as that due to a larger current 
at a lower tension. 

^^ Lead*' in the Adjustment of the Brushes, — In a per- 
fect dynamo, having no self-induction or other faults, 
the brushes would bear upon exactly opposite diame- 
ters of the commutator at right angles to the lines of 
force in the magnetic field. But in practice it is found 
that the most advantageous points for collection are a 
certain number of degrees in advance of this in the 
direction of motion ; this is known as the angular lead 
of the brushes. 

In ordinary series-wound dynamos used in arc light- 
ing this position, once found, will generally remain 
constant. This is due entirely to the fact that the 
field magnets are in the main circuit, and any change 
of the current strength affects the whole machine^ arma- 
ture and field alike. But in shunt and compound- 
wound machines the relation does not remain con- 
stant, and the " point of best collection " may vary 
with the work in the circuit. 

As a rule it is found that the point called neutral, or 
the point of least sparkingy is the position of best 
collection for the brushes. In starting a dynamo this 
cannot be determined in any rough way until the 
machine is put upon full load at the normal speed. 
Both in relation to the output of the dynamo and to 
the wearing "life" of its commutator, the correct 
setting of the brush frame is of much importance. In 
well-designed machines the collecting points are 
always exactly opposite, and brush frames, although 
constructed to move a certain distance to the right 
and left of the collecting line, are usually fixed in 
relation to the diametrically opposed positions. 

It will be found, notwithstanding the calculations 
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of several eminent electricians to the contrary, that 
even in dynamos with no iron in the armature, as 
in Siemens' alternator, or the Ferranti dynamo, 
" lead " must be given to the brushes. The " lead " 
was formerly supposed to be due to magnetic lag in 
the armature, but although this has undoubtedly its 
effect in dynamos built with iron armatures, it is not 
the only factor necessitating lead in the brushes. 

Constant Position of the Neutral Point, — Many 
practical electricians suppose that the neutral point is 
apt to vary with the speed or output, or both. It 
may be of interest to note that in the experiments 
undertaken to determine this point by Mr. Mordey, 
with a Victoria dynamo and a Brush dynamo, no 
change in the position of the neutral point could be 
detected. This was true of the machines run under 
very different conditions of speed and load. 

Notes on the Management of Dynamo Machines. 

Foundations. — A great deal has been said as to the 
necessity for extremely solid or massive foundations. 
There can be no doubt that, when the dynamo itself is 
but flimsily constructed such a basework will be of 
great advantage. But when the machine is properly 
proportioned, and, especially, is fitted with substantial 
rigid brush brackets, heavy foundations are not neces- 
sary. Many dynamos perform well when merely 
bolted to the flooring of a factory, a sheet or two of 
vulcanised rubber, or better, of asbestos, being inter- 
posed. Heavy dynamos for permanent work should, 
of course, be carefully set upon substantial founda- 
tions. 

In connection with the foundations it is interesting 
to note that in several small central stations, when the 
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dynamos are placed in basements of buildings, vibra- 
tion and noise are successfully combated by separat- 
ing their foundations from the walls. Thus, in the 
Grosvenor Gallery station the foundations are heavily 
laid in concrete, separated from the walls of the 
building by a foot or so of soft clay. 

The chief objection to vibration is, no doubt, the 
evil effect it has upon the brushes, commutator, and 
other collecting or regulating devices attached to 
the dynamo. For instance, such a dynamo as the 
Thomson-Houston, with its controlling apparatus, &c., 
would fare badly upon a light foundation. 

Erecting. — Large dynamos are usually delivered 
from the works in parts, packed separately. In 
bolting the carcase together it is necessary to observe 
particularly that the magnetic surfaces (forming part 
of the magnetic circuit) are not only clean, but freed 
from oil or grease. If there is any doubt upon this 
point a sheet of Oakey's No. O emery cloth should 
be used for clearing all such surfaces. Many dynamos 
refuse to excite, or magnetise, on account of careless- 
ness in erecting. Not only must such surfaces be 
clean, but they must touch all over^ and no nut must be 
tightened up until this is ascertained. In bolting 
down the main castings it is necessary to avoid 
buckling or twisting of the frame. 

Armatures are by far the most important portions 
of dynamos. It may be pointed out that the armature 
is necessarily, although heavy, a delicate part of the 
machine. Precautions should be taken, by means of 
wood packing and supports, to avoid abrasion of its 
wires. An accidental scratch or dent has destroyed 
many armatures before they were placed in the ma- 
chine. If possible, always support an armature upon 
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its journals^ and keep it away from filings, turnings, 
oil, or grease. The commutator end of the armature 
should be protected from accidental dents or scratches. 
A case came under our observation in which the 
erecting engineer was seen to roll a heavy drum 
armature over an engineer's workshop floor, towards 
the dynamo frame. The armature had afterwards 
to be removed from the machine, and re-woxmd 
throughout its exterior envelope. 

In erecting a dynamo it must always be borne in 
mind that if the running parts fit when cold they will 
become fixed when warmed up after the machine is 
started. End-play, to the extent of a fourth of an 
inch is therefore frequently allowed in armature jour- 
nals, not only to allow for expansion when imder load, 
but to assist in distributing the oil on the journals 
and to obviate ruts, or grooving, being started upon 
the surface of the commutator. For this reason, and 
on the score of economy of power and cool bearings, 
tight belting should be avoided. A belt too tight 
will speedily ruin a pair of journals and bearings, and 
will prevent end-play, with its advantages. When 
the armature is in position it should turn freely when 
moved by hand. 

Speeding and Belting, — ^The normal speed of the 
dynamo is usually stamped upon it, corresponding to 
the volts and amperes it is estimated to yield. The 
driving motor should be well governed. If a gas 
engine is used it is a common practice to drive with a 
rather flexible belt, and to put a heavy balance-wheel 
upon the axis of the dynamo. Unsteady action of 
the engine or shafting will speedily be observed in 
pulsations, or dimming and brightening of the lamps. 
Gas engines that take gas once in every two or three 
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revolutions are very troublesome on the score of 
" pulsating " the lights. Such engines can, however, 
be speeded to take gas at every revolution. 

Leather belting is being displaced for the larger 
dynamos by rope belting in several distinct strands. 
This presents the advantage that a total stoppage is 
less likely to occur by the slipping off of the belt, or by 
its breaking. The ropes are run in grooved pulleys, 
from three to any number being used. They are 
undoubtedly safer, more reliable, and cheaper than 
one large leather belt. Most of the smaller dynamos, 
up to 20 h.p., are, however, fitted for belts. Riveted 
belts should be avoided, and joining should be done 
by lacing, in the old-fashioned way. The belt should 
always be as broad as the pulley will take, otherwise 
slipping, at full load, is certain to cause trouble, 
unless the pulley is made extra long, to allow of the 
belt being run off a " fast and loose " pulley gear. 

Ratio of Belting Surf ace to Power. — The usual allow- 
ance of breadth of belt per horse-power is one inch 
for high-speed belting moving at the rate of 1000 feet 
per minute. The rule is safe for belts from three to 
twelve inches in width. For slower speeds a wider 
belt must be used. 

Lacing of Belting. — Lap, switch, or splice joints are 
very objectionable except for large work. For high- 
speed driving upon small pulleys butt joints have 
proved by far the best for dynamo work. It should 
be noticed that a belt that emits a noisy snap upon 
passing over the dynamo pulley not only causes fluc- 
tuations in the light, but sets the armature, if not the 
whole machine, in vibration. Hence, let the belt be 
cut perfectly square across both ends, and laced with 
an endless " thong " lace. The inside face should be 
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kept as flat as possible. New belts stretch enor- 
mously, and give a good deal of trouble in first runs. 
They may, therefore, be put on rather tight. Many 
engineers treat the harder belts with a dressing of 
sweet oil, frequently applied, so as to ensure pliability. 

Brushes. — Each builder has his own particular pat- 
tern of brushes, and it is impossible to say which is 
the best form. But as to material there can be little 
doubt that hard-drawn or rolled copper, or phosphor 
bronze, gives most satisfaction in work. 

Wire brushes appear to be going out of fashion. 
Comb-like brushes, made up from several layers of the 
metal, are coming generally into use. The pattern ol 
brush sent out with a dynamo at first is generally 
the best for that particular machine. Two or three 
points may be noted — the brush should be of high 
conductivity ; it should wear well ; it should have a 
certain flexibility and resiliency ; and it should be set 
in a brush bracket, ^/^^^ provided with springs. This 
latter condition is of considerable importance — no 
commutator brush for heavy current work should be 
self-sprung. Only a gentle pressure upon the com- 
mutator is required ; but there are two considerations 
that always control the amount of contact pressure, 
(i) In heavy, well-founded dynamos, giving currents 
of low tension, light pressure will be found best, be- 
cause there is less vibration of the machine to cause 
weak contacts of the brush, and because low tension 
currents allow of a lighter touch without sparking : 
(2) For lightly-set dynamos, or those liable to vibrate, 
especially if giving high potential, stronger set 
springs are required. The snap of a badly-laced belt 
will frequently cause the contact to become weak 
periodically, producing, it may be, a burnt " spot " 
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Upon one of the commutator bars. If once such a 
" spot " begins it will go on from bad to worse, and 
finally the whole surface will need to be re-turned. 
Other periodic vibrations, perhaps due to the dynamo 
itself, or to adjoining machines, may start a spot. If 
the vibrations cannot be eliminated then more pres- 
sure must be applied at the brushes. 

Let the beginner bear in mind that the pressure 
cannot be too light, provided efficient collection, with 
the minimum of sparking, occurs. The commutator 
and brushes are the chief care and anxiety of the 
electrician in charge, in the case of long runs. If he 
can keep them in good order, and his bearings cool, 
he has learnt a practical lesson of much value to him. 
But a burnt spot, if found persistently upon the same 
commutator bar^ after re-turning, is generally due to a 
fault in the armature coil connected to that bar ; that is, 
the neutral line for the other coils is not the neutral 
line for it ; the coil is out of its place in the circle, or is 
connected in a faulty way. We mention this in con- 
nection with brushes because it is not always bad 
contact at this point that originates a " bad spot." 

Treatment of the Commutator. — The simplest " Com- 
mutator" is that attached to an alternating current 
machine, consisting as it does of a pair of copper or 
gun-metal rings. These are of course very easily 
managed. There is no liability to sparking, no burn- 
ing, no production of burnt spots. The rings may be 
lubricated when necessary, but only lightly, and pre- 
ferably with vaseline or French chalk. 

A smooth commutator is the chief aim of the 
dynamo attendant. It must present neither grooves 
nor patches, nor parts " out of round.'* To attain this 
result, when heavy current is passing from the sur- 

C 
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face at a high speed of rotation, and for many hours 
together, is no easy task. But a great deal depends 
upon the make of the commutator itself. 

Asbestos insulation between the commutator seg- 
ments, which was formerly much used, gives a great 
deal of trouble. It easily, owing to its softness, 
receives into its surface copper dust or carbonised 
oil, and becomes a conductor, short-circuiting the 
bars. Various substances have been used, but ex- 
perience appears to be greatly in favour of mica ; 
but of this substance there are different varieties. 
Clean mica, free from foreign substances, and not too 
hard, is found to be the best for commutator insu- 
lation. When impure mica is used, or it is too hard, 
it does not wear away as fast as the copper, and 
ridges result with all their attendant trouble. The 
mica should wear quite as fast as the copper commu- 
tator bars. Some makers of dynamos have aban- 
doned material insulation altogether between the 
bars, and have reverted to air-gaps. One instance of 
this is Siemens' latest dynamos, many of which have 
large iron commutators, insulated by air grooves. 
But this again will cause trouble if the grooves 
happen to get bridged across, an occurrence very 
likely with a paste of copper dust and charred oil, in 
long runs. In a good mica-insulated commutator 
there is no such trouble. We have never known mica 
to absorb any kind of conducting substance. 

Commutators should be run without lubricatioUy but it 
is not easy to attain this. Attrition of the surface 
will speedily occur if there is the least roughness at 
first. To run a commutator dry it is necessary to 
have its surface even, round, and perfectly smooth — 
nay, burnished. A rough surface is generally due to 
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rough brushes. If the brush surfaces are burnished 
and bear upon a smooth commutator, it will be 
possible to run dry ; but in first commencing work it 
is usual to slightly touch the revolving surface with 
oil, or, preferably, vaseline. A "touch pad" made 
by covering a flat piece of wood with several layers 
of cloth and saturated with vaseline, is very use- 
ful. This is not applied to the commutator. It is 
better to press the finger upon it, and transfer the 
layer of lubricant thus obtained to the commutator. 
More than a mere surface covering must be avoided. 
A new commutator, after a few hours' run, will under 
this treatment acquire a hard, brown, glossy surface, 
which it is very desirable to attain. 

Roughness is generally treated by dressing with 
emery cloth. This should not be done, if it can be 
avoided, while the dynamo is in work. The brushes 
should be raised, and the No. O emery cloth wrapped 
around a block of wood. If these precautions are not 
taken, the emery powder will become embedded in 
the brushes, and continue to cut the surface for days 
thereafter. Indeed, emery, although a quick-cutting 
substance, should never be brought near a dynamo for 
this purpose. Many engineers prefer to use fine sand- 
paper or a leather pad with grindstone dust glued 
thereon. 

For spots or grooves there is no effective remedy 
but turning in the lathe. Files are very often used, 
but it is quite impossible to thereby produce a true 
cylinder. 

Large dynamos are now very frequently ftimished 
with an accessory in the form of a miniature lathe, 
by means of which the commutator can be " trued " 
without removal from the machine. It is probable 
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that in future all large machines will be thus wisely 
equipped* 

A very useftil device has been suggested for this 
purpose by Mr. R. Tatham, who proposes to furnish 
the brush brackets with a slow to and fro motion in 
line with the axis of the dynamo, and to attach to 
the bracket a trueing tool or emery wheel for occa- 
sional correction. But although the reciprocating 
motion of the brushes themselves, as proposed, would 
no doubt be an advantage in itself the gear for that 
purpose, consisting of a worm-wheel and tangent worm 
shaft, would be likely to introduce faults of contact or 
insulation in practical use. Whatever turning device 
is employed for turning in position it will be found 
necessary to run the armature at a slow speed. In 
the larger stations little machines are used both for 
this purpose and for trimming off the ends of brushes, 
especially that form in which contact is made by a 
bundle of wires or slips. 

In the case of dynamos in which regulation is 
effected by rocking the brushes to and from the 
neutral line, the commutators are apt to give much 
greater trouble. There is usually more sparking, 
which cannot be avoided. It would appear that the 
Thomson-Houston dynamo does not suffer much 
from this cause, although, owing to the high tension 
employed upon the arc machines and the nature of the 
f:hree-coi armature, there is a good deal of sparking. 
But the air-blast used in this instance both serves to 
keep the commutator cool and clean and to extinguish 
the sparks. 

New Commutator. — Many of the best dynamos are 
accompanied as an accessory with a spare commu- 
tator, which can be fitted in place of the old by 
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observing particularly the method and order of con- 
necting it to the armature wires. In removing the 
old wires, which are generally screwed to the bars, 
a " tally '* or numbered tag should be tied to each 
wire, indicating exactly its position in respect to 
the bars of the commutator. The work of re-con- 
necting is simple in cases where the wires are joined 
direct to the bars, and are not carried either to the 
rear or in advance of their positions upon the arma- 
ture ; but in many dynamos, e.g.^ the Edison-Hopkin- 
son type, the wires are taken 85 degrees to the rear, 
and there attached to the commutator. This method 
is adopted to allow of the neutral points — collecting 
lines — being placed in convenient positions for obser- 
vation and adjustment of the brushes. Thus, instead 
of the points of collection being upon a vertical line, 
which would place the lower brush directly under the 
commutator, the line is nearly horizontal, and both 
brushes can be equally well observed. 

The same method is adopted in some of the Sie- 
mens' dynamos, but in many of the best machines, 
where there is any likelihood of confusion in connect- 
ing, either the wire extremities are furnished with a 
stamped (numbered) plate for connection, or a diagram 
of the positions is obtainable. 

Soldered connections are the most troublesome. The 
unsoldering is a tedious process. We may suppose the 
armature to be removed from the frame and placed 
upon supports at a convenient height. After clearing 
ofif the dust, &c., each joint should be touched with a 
drop of the zinc chloride solution used for soldering, 
and a pretty hot soldering bit applied to the spot. As 
soon as the solder runs the wire is lifted up, and the 
old solder wiped off its end. The work may be done 
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with a mouth blowpipe. For this purpose a gas jet, 
attached to a rubber tube without a burner will be 
found a convenient source of heat. The blowpipe 
flame can be directed accurately upon the joint and the 
work done very quickly. In resoldering the commu- 
tator must first be securely keyed upon the shaft and 
the bars at the connecting points scraped clean. Each 
point should then be touched with soldering fluid 
(Baker's is esteemed the best) and thoroughly 
" tinned " with the copper bit. It must be observed 
by those not acquainted with the use of a copper bit 
that the point must be freshly filed, and, while yet 
bright, the solder — previously moistened with fluid — 
applied. The bit itself must be thoroughly tinned, 
and after re-heating the point should be wiped clean. 
In resoldering the wire ends the wire is placed, with- 
out tendency to spring, upon the tinned commutator 
plate. A touch of the fluid is applied (be sparing in 
the use of this) and a drop of solder taken up by the 
bit applied to the joint. It should immediately run 
freely and make a clean, perfect joint. It is well to 
run on a little more of the solder by way of a 
strengthener. No difficulty need be experienced if 
the surfaces are clean^ the copper bit well tinned^ and 
hot enough to cause the tin to run freely. Joints made 
with resin as a flux are doubtless to be generally pre- 
ferred, but the use of resin is not so easily acquired, 
and an imperfect joint is more likely to result in 
inexperienced hands. There is no objection to the 
use of Baker's fluid if sparingly used and each joint 
afterwards wiped clean. It may be pointed out that 
the careless use of common soldering fluid is very apt 
to leave joints that will become rotten, or waste away 
by electrolysis under the influence of the current. 
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In the case of screwed connections to the armature 
plates too much attention cannot be given to the pre- 
paratory cleaning of the points of contact, and to 
ascertain that each screw is tight enough in its hole 
to ensure its holding. If the screw feels loose in its 
hole while screwing up, it will soon work slack, and 
cause an arc to form, burning the contact. For this 
reason some of the later machines have both screwed 
and soldered connections, and in some cases silver 
solder, applied with borax as a flux and the blowpipe, 
is employed. 

Connections of the Dynamo, — In erecting new 
dynamos the connecting of the field coils to the 
circuit of the armature, or otherwise, is sometimes 
a diflficult point. It will first be necessary to ascer- 
tain exactly what type of machine the dynamo is 
represented to belong to. If a series-wound dynamo, 
a separately excited, or a shunt machine, the connec- 
tion can be ascertained by reference to Figs, i, 2, 3, 
p. 3. But certain symbols are generally used to 
distinguish the extremities of the wires and the 
terminals. Thus, -}- and — , positive and negative, 
are widely used to indicate the " feeding " and " re- 
ceiving" ends of a coil, or terminals. White (or 
bright) terminals are also used for -}-, or positive, and 
black terminals (representing earth) for — , or nega- 
tive. The terminals are frequently spoken of as live 
or leading for positive, and return or earth for nega- 
tive. In connecting up a dynamo two positives are 
never connected together, nor two negatives. 

After ascertaining the particular nature of the ma- 
chine, its connections, if not numbered, will depend 
upon the direction of rotation. If the field magnet be 
connected up in a series machine so that the current 
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flows in the magnet so as to increase its residual 
magnetism it will be correct Every dynamo magnet 
has a certain residual magnetism when the machine 
is at rest, and it may be desirable to ascertain which 
pole is N. and which S. This can readily be deter- 
mined by means of a compass needle or a small mag- 
net, for the N. pole of the dynamo will not attract the 
N. pole of the magnet, but it will strongly attract the 
S. pole, and vice versa. The course of the current in 
that magnet will then be easily found according to the 
following rule : — 

If a spiral of wire be taken, and a piece of iron 
inserted therein, and a current caused to flow in that 
wire in the direction of the hands of a watch, when 
the spiral is looked at end on, the pole of that iron 
nearest you is the S. pole. 

Or, more simple still, If you look at a right-handed 
screw, the thread representing the current, the end 
viewed is the S. pole. This pole is, as applied to 
compasses and galvanometers, frequently called the 
" blue pole," from the custom of makers to leave the 
south-seeking pole blue and to brighten up the north- 
seeking pole. 

In a separately excited machine the direction of the 
current in the field magnet should be particularly 
ascertained, otherwise the machine will yield — (nega- 
tive) at its + (positive) terminal, and give rise to all 
kinds of trouble in the work of wiring for lamps. 

If a mistake has been made, it may be rectified by 
strongly magnetising the field magnet by the passage 
of a current either from another dynamo or^ battery 
of accumulators. This will have the effect of break- 
ing down the residual magnetism and reversing its 
polarity. 
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When the dynamo is first started the current should 
be tested for direction by the use of a compass. Place 
a compass upon the ground; run a wire firom the 
+ pole of the dynamo over the compass and back 
(through a suitable resistance) to the — pole; if, 
while you stand with your back to the dynamo, the 
N. pole of the compass turns to your left hand, the 
current is flowing from the dynamo towards you, and 
is correct in respect to the positive terminal. 

In a shunt, series, or compound machine, not much 
harm can result from starting it when wrongly con- 
nected with respect to the field magnet — ^it will refiise 
to excite, and will give no current. 

When there is a resistance in the exterior portion 
of the circuit, and the dynamo refiises to excite, the 
fault is usually due to wrong connections. But a 
series dynamo will not excite readily at a low speed. 

An ordinary compound (series and shunt) dynamo 
is connected correctly when the ends of the shunt 
(fine wire) coil are joined to the brushes, and the 
series (thick wire) coil joined, one end to the — (nega- 
tive) brush, and the other to the — (negative) terminal. 
The current in both coils must of course flow in one 
direction around the magnet. 

Run for Mechanical Test. — A run of several hours' 
duration should be made with a new dynamo to test 
the bearings, lubrication, stretch belts, &c. Hot 
bearings may gradually cool down if new after a few 
hours fiirther running, but if there is any question of 
the armature shaft being out of alignment the heat will 
increase. The surface of the armature must be quite 
clear of the magnet, and in line with its bore. 

All kinds of suggestions and substances have been 
recommended at different times as a cure for hot 
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26 CENTRAL STATION WORK. 

bearings, but, provided the journals be lubricated, the 
fault itself must be got rid of. The chiet causes of 
heating are doubtless, (i) belting too tight ; (2) bear- 
ing too short for the work; (3) badly fitted, out of 
round, binding, or out of alignment. The lubrication 
should be of heavy oil or other lubricator of good 
quality. In long runs with heavy dynamos the bear- 
ings sometimes become so heated as to need the 
application of the hose — in cases where the load of 
the dynamo cannot be switched on to another 
machine and the current must be maintained. Hot 
bearings are of course made hotter by the current in 
the wires of the armature. 

In the use of needle lubricators the needles fre- 
quently stick in their tubes, owing to foreign sub- 
stances in the oil. The needles should be tested for 
free play before starting a long run. A hot bearing, 
perhaps to the extent of slight " seizing " or attrition, 
is generally brought about by neglecting this precau- 
tion. The semi-solid lubricants, fed from suitable 
spring lubricators, and which flow gently when warm, 
are being much used for dynamos. The chief fault to 
guard against is failure of the lubrication while the 
dynamo is left by itself for long periods of time. 

Notes for Dynamo Attendants. 

The attendant should understand his machine. One 
attendant can manage several dynamos if they do not 
call for much regulation. In isolated stations, where 
the demand for electricity is constant or nearly so, 
compound machines will be found to regulate them- 
selves, and the exciting current once determined and 
applied, need not be varied. 



Digitized by 



Google 



^0"% 






a 



But in ^^^\^ot:i^ 

rent varies ^?\,jjti^ 
candescent ^^ «lj<3^^^ V ^i ^a>.-^'^ 
gram (FigT- ^^^^^.^^ ^^^^ a^'^f 
very little <*^^«Jn;"^ ^«/q^ ^^ 
o'clock the ^^"^ts^-X ^''-^of " 

500 units ; a.rtd. at / ^-e^ to 
It then g-ra-cfuaiir <frqo^^®^ ^ 
practically no demand, * 






^ntlr 






Kilowatts 



Noon 



9 iO \A \X » 5^ 3 A S o 



Hlidniqht 
B"igf. Q. ^Tixne and Current Curve. 



.11 



The requiretnexxts o£ s\jlc1i a station ca 
aynamos to meot: -ftiis varyitvg demat^^ 
dynamo, with a. gooa. listxid or autoitiati 
will be found to ostinry t:li.e scale up or do 
for a considersLlDlo diststTxce. Iti most cet 
this regulatioxx li.a,s l^ii:li.oxto \3eet1 effecteo 
observation axxdl t:li.o IrxaxxdL. 

It will be ovi<a.oxi.t; tlrxsLt; tKe dytvarao^to 
vaiying- concLitioxxs SLXxdl ooxitixi-ue tlve sx 
well lookoa. £L*toir. A^ £e>7v o\>setvat 
main points liTsLoXy -to ostll £or sipe^^' 



Digitized by 



Google 



28 CENTRAL STATION WORK. 

therefore offered here, in the hope that they may 
prove useful not to trained electricians, who are 
supposed to be well versed in all the best methods 
of meeting a varying demand, but to members of 
that large class who are at present serving, as it 
were, a kind of apprenticeship to the business of 
electric lighting. 

Heat and Attrition. — ^The dynamo attendant's bug- 
bear is doubtless heat. Under a high speed the 
bearings are apt to get hot, and under a heavy load 
of lamps the armature and field magnets frequently 
get so heated that they cannot well be touched by 
the hand. There is therefore under these conditions a 
constant danger, or supposed danger, of " firing " the 
bearings or journals and burning the insulation ot 
the wire coils. 

Attrition, or cutting friction of the commutator, is 
another cause of trouble in long runs, but is more 
easily overcome than the overheating. 

Bearings can be kept cool if at first well-fitted, if not 
too short, if not binding in the " neck," and if lubri- 
cated freely with a good oil or other lubricant. 

Dry cutting of the commutator is due to rough 
treatment, rough brush surfaces, or grit, or emery, or 
to too mu^h pressure of the springs. The larger 
dynamos are fitted with several brushes upon each arm 
of the rocker, and a brush that is cutting should be at 
once taken out. The pair should be taken out even 
while the dynamo is running at full load. Their 
roughened ends should be cut off and smoothed, then, 
if possible, burnishedy using a brass finisher's steel 
burnisher for the purpose. This will impart a glass- 
like surface to the copper. The commutator should 
then be wiped clean with a pad of wash-leather, and 
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OVERHEATED ARMATURE. 29 

its rough surface smoothed, either with fine sand- 
paper or with emery cloth. But the use of the latter 
is not recommended. The smooth surfaces may then 
be lightly covered with the merest film of vaseline or 
oil, and the brushes replaced. A gentle pressure 
should be applied at first. When it is not possible to 
remove the brushes thus by instalments dry cutting 
should be at once stopped, as far as practicable. For 
this purpose, clean off the surface and apply either a 
flat pad covered with fine glass-paper, or, if that is 
not at hand, a chip of emery cloth. No. O. When as 
smooth as possible clean off and touch with vaseline. 
When the dynamo is stopped examine the pressure 
of the brush springs ; it will generally be found that 
the attrition was due to this cause, in excess. The 
brushes should be removed and trimmed and bur- 
nished at the first opportunity. Avoid lubrication of 
commutator, if you can do so. Too much oil or 
vaseline will cause long, circular sparks to leap from 
segment to segment, greatly weakening the current. 

Heated Armature and Field Coils. — When a well- 
designed dynamo heats too mtcch it is overloaded. Lamp 
after lamp has been switched in until the current has 
become too much for the wires. It would be better to 
see the belt slipping than the coils becoming over- 
heated. But, in respect to overheating, it is not 
always synonymous with overloading. In many of 
the earlier dynamos this excess heat is due to " eddy 
currents " set up in the iron of the armature, owing to 
its imperfect subdivision. A very instructive in- 
stance of the enormous advantage of subdivision 
may be referred to. The Brush dynamo, with "solid " 
armatures, as first introduced, and in use in this 
country until very recently, will, taking one specific 



Digitized by 



Google 







Digitized by 



Google 




ly toxxcliing- 

o^verslioes 
xa^^v'o:f touch £ 



Personal J=^iy^^^4^^^^^'^^^^^'^- ^T^ever cJ 

dynamo, or, ind^^ca, <axa>^ cii-cixit, thx 
may be done l=>:yr ix^aci-^^i-tence, ar 
hands only. nVTa.xay o:f t^tie oariier e 
severe shockis t^ZV" xTi«:« 
with one haixci. IT^-is 

^^^, and a pair- o>f" 

But, as a STenoral i^— ^^ hands, or , 

either with one "^"^^ ±L on. If teri, 
article, whilo ^"f^^S-^ c>r ^i>axiiier i^u, 
tion,aninsula,tea. lt>Ti>ex- gloves. 

on a pair of tlxicfe- "^^x-s and adjusting 
All spanners, TP^y o^rrx, o^ switch roi 

used in adyn^"^^^ ^^^el>c>nit^> or other 
insulated handle^ ^=^ ^^^ -toxxsion— pj-Q^ 

Shocks of ^=^^^^^"^V^-&ely "t^*^^^ by i 
volts— have "b^^^"^ ^ ty^ -pointed out t] 

persons, but i^t ^'^^^^'"^it:y i^ ii<^^ ^'^s tensi 
nature of the ^-'^^^^^^^^xxt: passing, combi 
the quantity c>^ c^"!^ xr^^ ^^ many thous, 
tension. A. ciis^^'^^'_^-^ ttie tnuckJes 



easily be tal^:^^"^ 



fjroxxx 



oxx 



I^eyden jar, I 



^:gryxrxS ^current of 



without injixjry, ^-^^j-*^ - 

tension in a oat^l^ ^ ^^^^ ix^nd but be pre 



erimenter. 



would not oxxly 

kill the adverx-t"-J^X^,^^2^/f^'^ ^^^^;^r^.— Th. 
Attenttofi^ ^^ ^^""^Sootx-ioi^^s has hither 
pression axnonS: J^^ ^^ for pubJicincandes 
an automatic ^^^^^ 
is not reliaT3le^ ^^ 
depended oxp^n, ^^^^^er, tor tue atrenc... 

Itisneces3airy^l^^^^nt ^J^^, ^-^^J^f^^V t 
eye upon "^^"^Ji^g ^"^^ whole period oft 
what design ^ ^ 



o^s^p 



\^j^eLt^ liand g-overnors c 
"■ -tl^i^ impression is w^< 



Digitized by 



Google 



CHAPTER II. 

LOCALISING DYNAMO FAULTS, AND OBSER- 
VATIONS RESPECTING ACCUMULATORS, 

A DYNAMO may sometimes unaccountably refuse to 
excite and to start. If separately excited it may 
refuse to give any current. This is the greatest of all 
faults, but it may be due to a serious defect, or simply 
to a very small fault, easily remedied. 

But by far the most frequent complaint is due to 
partial ifailure of current; to fluctuations, usually 
sudden, in the current strength, and to occasional 
unaccountable extinctions of the lights. Pumping, or 
pulsating of the lights is another fault sometimes met 
with. In arc lighting extinctions and rapid self- 
re-lighting sometimes occur. 

Broadly speaking, faults, save strictly mechanical 
defects, easily traced by the engineer, are usually due 
to defective insulation or defective condtiction in the 
dynamo or its accessories. 

A coil in the armature may be burnt, e.g.y the in- 
sulation charred ; the commutator may not have all 
its sections insulated; there may be conduction, or 
leakage, between some part of the armature circuit 
with the iron body of the machine, or the field magnet 
coils may be similarly leaking. Possibly a small arc 
has been established at some point by a failure of the 
insulation, and this may become active or inactive, 
according to the current or E. M. F. of the machine. 
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TESTS FOR LEAKAGE AT DYNAMO. 33 

T\x^ periodic faults are by far the most troublesome to 
detect, especially those that do not occur at half load, 
but appear at or near full load. Others again occur 
at a given speed, and are not to be traced when the 
armature is moving at any other speed. 

The only effective means of localising faults is a 
system — a comprehensive system — of tests, which will 
broadly include all faults that have* hitherto been 
observed. Many faults that appear to be electrical 
are really due to bad engineering. 

Tests for Leakage to Ironwork of Machine, — ^The 
first and most important condition of the insulation is 
its completeness with respect to the iron body of the 
armature or field magnets. For practical purposes 
the body of the dynamo, e.g.^ the field magnet framing 
and base, may be considered one conductor, complete 
as to conductivity. The ironwork of the armature is 
also generally in one with the ironwork of the frame, 
but it is a great advantage to have the iron core work 
of the armature insulated from the shaft, and there- 
fore completely isolated. Hence, if a leakage occurs 
firom an armature coil, it cannot get further than the 
core. In making a test of short circuit to the iron- 
work, therefore, it is not always correct to assume 
that the armature core is one with it. 

The whole dynamo is usually insulated from the 
earth. If the ironwork be in contact with earth, any 
leakage from either armature or field coil will cause 
an earth fault. 

In d3niamo work ironwork fault and earth fault are 
usually synonymous, and may be considered together. 

The testing instrument is usually a simple gal- 
vanometer. The source of current is often the dy- 
namo itself, this test being taken while it is run- 

D 
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34 LOCALISING DYNAlklO FAULTS. 

ning. If the dynamo be standing, a few accumu- 
lator cells are the most suitable. But it is prac- 
ticable to make fair tests with any of the portable or 
" dry " batteries now so common. For heavy dynamo 
work a potential of about ten volts is, however, very 
generally used. The instruments — galvanometer, &c. 
— are generally kept at a suitable distance from the 
dynamo, especially if it be running. 

Connect one screw of the galvanometer to earth by 
a wire to a gas or water pipe, or other convenient 
" ground '' ; lead another wire to the dynamo, and, if 
it be running, giving current, any leakage of that 
current to the ironwork, and from the latter to earth, 
can be ascertained by contact of the wire with the 
frame of the machine. A deflection of the galvano- 
meter would thus show a double fault — leakage of coil 
to iron, thence to earth. If the dynamo be standing 
idle, connect the testing battery in circuit with the 
galvanometer. If no deflection is obtained, and 
whether the dynamo is running or idle, connect 
battery and galvanometer to earth as before, and 
make contact with the wire to the ironwork of the 
machine. A deflection of the galvanometer will 
indicate that the ironwork is leaking to earth. 

If the dynamo is standing, touch the commutator 
with the wire — a deflection of the needle will indicate 
that the wire coils are leaking to ironwork. If the 
machine be a separately excited dynamo, test the 
terminals of the field magnet also. 

If the ironwork be found insulated, a leakage from 
coils to ironwork can be detected by connecting the 
galvanometer and battery to the frame, as to earth, 
and testing by coil contact as before. 

A test should be taken by connecting to iron coie 
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TESTS FOR BROKEN CONDUCTORS. 35 

of armature, if it be easily accessible, as to earth, and 
making contact to the commutator segments. Con- 
tact to each of those should be made in succession. 

It may be pointed out that if the dynamo be run- 
ning while making tests, it may only be practicable 
to ascertain earth insulation, and a false conclusion 
may be drawn from them owing to a fault to earth in 
some part of the circuit of the lamps, removed from 
the machine. A fault of this latter kind would cause 
all lamps beyond the leak to bum dimly. 

Tests for Internal Broken Conductors. — ^The con- 
tinuity of the field magnet circuit is easily ascer- 
tained. Make a circuit of galvanometer, battery, and 
field terminals — no deflection will indicate a rupture of 
the wire, at some point — machine idle. Localising 
broken armature wire is also comparatively simple. 
When the coil extremities can be traced, or are 
known, make a circuit between the commutator bars 
attached to those extremities (remove brushes mean- 
while) ; no deflection will indicate a break. This 
break is very frequently just at, or near the point of 
junction with the commutator. 

When the armature winding is not known, and it is 
impossible to determine the extremities of the coils, 
the test for a break is not so simple. As a rule the 
ends of the coils are in connection with diametrically 
opposite segments. In this case it may only be ne- 
cessary to make a circuit by touching these segments 
with the two wires, from galvanometer and battery. 
If a weak deflection is obtained, it may be due to one 
of two causes, either the insulation material between 
the segments has become conductive, by impressed 
copper dust or charred oil — a liability very common 
in cases of asbestos insulation — or there is a partial 
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36 LOCALISING DYNAMO FAULTS. 

break or broken wire in partial contact within the 
coil. 

When the fault cannot be located by either of these 
methods the armature wires should be disconnected 
entirely from the commutator and each other. In 
doing this numbers should be attached to ends and 
segments, indicating the connections in re-attaching. 
The extremities of a coil can then be found by 
touching with the test wires. If there is a pair from 
which no deflection can be obtained, the assumption 
is that the fault is in that coil. 

A diagram of the armature winding as applied to 
the particular make of dynamo used should be kept 
by the attendant, and referred to when any question 
of a fault arises. This will indicate where to apply 
the test wires, and may savp many disconnections and 
experiments. 

Intermittent contacts between broken junctions are 
very troublesome. They will generally give a de- 
flection upon being tested, and cannot easily be 
located, unless they occur at the point of contact with 
an armature segment. In the case of a small arma- 
ture an intermittent contact was found in one case by 
testing each coil, and while the needle of the gal- 
vanometer remained deflected setting the armature 
in vibration by striking the end of the shaft with a 
copper hammer (to obviate mechanical injury). When 
the faulty coil came under the test the needle oscil- 
lated, showing intermittent contact between (as was 
found) two ends of a wire bent to a sharp angle near 
to the end of the armature coil. 

Burnt-out Coils, — ^When an armature coil makes, 
by fault, a short circuit within itself, e.g.^ does not 
deliver its current to the lamps, its current will become 
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abnormally strong ; it will become heated, and finally 
the insulation will be burnt off. This occurrence is 
generally amply indicated, unless it be very gradual, by 
smoke arising from the armature and a smell of burning 
varnish and cotton. 

But unless in central stations, where the dynamo 
is constantly watched, a coil generally bums out 
without being observed, and the attendant is ap- 
prised of it by a dimming of the light or by 
fluctuations. 

Short circuits are, however, when a dynamo is 
looked after, generally detected before burning out 
occurs. They are not easy to locate, especially in 
armatures of low resistance. The best way to deter- 
mine whether a short circuit exists is to measure the 
resistance of each coil in succession ; the faulty coil 
will then upset the balance of the test by its lower 
resistance. Measurement or balancing with the 
Wheatstone bridge, in order to detect faults in elec- 
tric lighting stations or circuits, receives some little 
attention in the succeedmg chapter, where also will 
be found some account of the instruments used for 
ordinary tests. 

All the ordinary faults that occur in dynamos can 
be detected and localised by means of comparatively 
rough and ready methods, some examples of which 
have been given. 

Much sparking at the commutator is generally a sign 
of overloading, or a short circuit in the armature. 

When a dynamo shows much sparking, and begins 
to heat rapidly, there is usually a short circuit in the 
leads feeding the lamps, and this should be seen to at 
once, otherwise the building may be set on fire. 

Example of a Rough Test for Leakage to Earth. — 
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38 LOCALISING DYNAMO FAULTS. 

In central station work, where large currents are 
evolved, the following rough test for detecting leak- 
age or ground fault is very common. Two lamps 
are connected in series across the terminals of the 
dynamo. If it be a potential of lOO volts, two loo- 
volt lamps are used. The connecting wire between 
the lamps is put to earth. If there is any leakage it 
will be shown by the lamp connected to the terminal 
upon whose line the leakage exists becoming brighter 
each time the earth contact is made. This not 
only serves to indicate the lead from which the 
leak is to be found, but roughly, by the brightness of 
the lamps, its extent. Such a leakage is called a 
ground fault, or shortly, a ground. This is a very 
convenient test, not only in respect to earth leakage, 
but for leakage to adjacent metallic bodies. 

Short Circuit or Fault in a Magnet Coil, — If the coil 
upon one of the magnet limbs should have a partial 
short circuit, so that the excitation at one pole is 
greater than at the other, the defect can generally 
be observed by larger sparks being given at one brush 
than at the other. 

Failure of Dynamo to Excite, — A shunt-wound dy- 
namo will not start or excite upon low resistance. If 
the binding screws be connected by a short, thick wire, 
the d)mamo will not give a current at all. Similarly, 
if a line of arc lamps be inserted in the circuit, with 
their carbons touching, the dynamo will generally 
refuse to " build up " or fully excite itself to light any 
of the lamps. For this purpose a resistance coil is 
frequently inserted in the lamp, which, when the 
dynamo has fully excited itself is automatically cut 
out. 

Failure to act or excite may be due to the residual 
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44 OBSERVATIONS RESPECTING ACCUMULATORS. 

tive pole of the dynamo ; the negative (or grey plate) 
terminal — generally painted llack — to the negative 
pole of the dynamo. 

It is assumed that the attendant understands that 
the accumulator or storage battery is only of use as a 
reservoir, or magazine, for storing up the work of the 
dynamo for use while the dynamo is not running, and 
that it must be charged and discharged alternately. 

Charging,— 'Relore charging the accumulators, if it 
be in a new station and the capabilities of the 
dynamo and engine have not been tested, it wHl be 
necessary to ascertain both. The attendant should be 
very sure, by means of a preliminary run of at least a 
day, that the machinery is to be depended upon 
before attempting to charge the accumulator. It 
must not be charged partially and then left for a time. 
Such a course leads to the rapid destruction of the 
plates by an action known as sulphating. For the 
E. P. S. accumulators a run of 36 hours is generally 
considered requisite, without cessation, upon first 
charging. 

Before connecting the dynamo to the accumulator 
it may be advisable to test the direction of the current 
according to the rule given at p. 25. 

Do not place the acid in the cells until the last 
moment before connecting to the dynamo. 

The solution is made up by pouring a good quality 
sulphuric acid into pure water until a specific gravity 
of 1-170 is shown by the Twaddle hydrometer after 
proper admixture. The solution should stand to cool 
before being placed in the cells. Each cell is filled 
until the plates are covered to the extent of half an 
inch. Each contact should be examined and tightened 
up before starting. 
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The dynamo should either be shunt-wound or 
separately excited. It must give an E. M. F. of 2*5 
volts per cell — say at least 60 volts for a 26-cell 
accumulator. The first run should not on any account 
be for less than 12 hours. An automatic cut-out 
must be used to obviate a back rush of current 
from the battery if the dynamo should, by any reason, 
cease working. 

The charging must commence immediately after 
the solution is placed in the cells. If it be delayed, 
sulphating, or the transformation of the lead plates 
into lead sulphate, will set in. The same will occur if 
the first charge be only for a short time. The cells 
should never, and cannot without certain loss, be left 
only partially charged and idle. 

If it be possible, let the dynamo work upon the bat- 
tery until the charging is complete, which is indicated 
by the milky appearance of the solution. A great 
deal of gas, in bubbles, also is given oflF by the cells 
before the charging is complete. The bubbles of 
hydrogen are large, rise into the air and burst, wetting 
everything near with spray. The oxygen bubbles are 
smaller and less harmful. Plates of glass are very 
useful to place over the cells while approaching full 
charge, but the terminals, or connecting lugs, must be 
wiped free from moisture occasionally. The moisture 
will of course collect more copiously under the glass. 

When the charging is complete the solution will 
not only look white, but the hydrometer will show its 
specific gravity to be at least 1*195. This is a sure 
test of a fidl charge. In this, as in every test aflFect- 
ing the charge of the battery, the small voltmeter 
described at p. 59, should be used. 

In subsequent charging make sure of the foUow- 
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ing : — That the dynamo is running and is excited (its 
field magnet circuit closed) before switching on the 
battery. The battery must never be fully discharged, 
so that a certain current will be generated by it if not 
opposed by the stronger current of the dynamo. See 
that the dynamo is switched oflF before being stopped. 

When the accumulators are switched on to feed the 
lamps the fall in the store of electricity in its plates 
can be very accurately noted by means of the hydro- 
meter, the specific gravity falling in direct proportion. 
The attendant will soon, from experience, learn to fix 
in his mind the amount of current that has been 
taken out of the accumulator by means of the hydro- 
meter. He will thus be able to determine very nearly 
how many hours he must run his dynamo to again 
fill the cells. The gravity should be taken every time 
before re-charging. 

The rate of discharge is calculated from the number 
of plates in a cell. It is approximately 4 ampferes per 
positive plate of the size designated " L " (E. P. S. 
type). Thus, a cell containing 15 plates will dis- 
charge at the rate of from 24 to to 30 amperes. The 
accumulator should never be discharged rapidly or 
upon short circuit. It deteriorates very rapidly under 
such treatment. A table of the safe rates of charge 
and discharge generally accompanies an accumulator. 

Neither engine nor d3mamo should occupy the same 
room as the accumulator — ^the acid spray would prove 
injurious to machinery. 

Working Hints. — ^Agitate the liquid in the cells 
occasionally, especially during charging. This will 
prevent the acid from forming in a layer either above 
or below, and attacking the plates. A little very 
dilute ammonia kept in shallow open vessels near the 
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accumulator will obviate the nuisance of the acid 
spray. Do not approach the accumulator with a 
naked light while nearly charged — the hydrogen 
given oflF is apt to cause an explosion. Keep all 
shelves, supports, insulators, cells, and connections 
dry and clean. Make up for loss by evaporation by 
adding water only. Soft water is better than limey, 
hard water. If a cell in the battery fails to charge 
fully and is yet clear while the others are white, cut it 
out and connect across the gap with a piece of cable, 
properly connected. 

Sulphating may be obviated in a great degree by 
the use of a soda solution, made up as follows : — To a 
quart of strong solution of common washing soda 
add slowly, during agitation, 12 fluid ounces of strong 
sulphuric acid. This should be added to the cells in 
the proportion i part in 25. Sulphating may be 
obviated by keeping the battery as fully charged as 
possible. Do not let it lie for days in a half charged 
condition. If the cells are to be left for some time 
without working they will take no harm if first fully 
charged and the insulation, &c., left in good order. 
The attendant must always have at his hand the 
hydrometer, a thermometer, and either the simple 
volt indicator sent out with accumulators, or a 
standard voltmeter. With those three instruments 
he can ascertain beforehand which cell is likely to 
prove faulty. 

A faulty celly as before stated, should be at once 
removed. It is of considerable importance to be able 
to detect a weak or failing cell before it has had time 
to destroy itself. It is necessary to maintain all the 
cells in the accumulator as exactly alike as possible, 
for if there should be a weak cell the strong ones on 
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either side will rapidly run it down and even reverse 
it, charging it the wrong way. By means of the 
voltmeter the condition of the cells can be noted, and 
any considerable fault detected, but the temperature of 
the cells is regarded as a far more reliable test. All the 
cells in a battery heat more or less, both while charg- 
ing and discharging, but a faulty cell will be warmer 
than the others. It will usually emit a hissing sound, 
louder than the others. The thermometer should 
therefore be at hand to test temperature, cell by cell, 
daily. A faulty cell should be emptied of its liquid 
by means of a siphon. A yard of rubber piping, 
filled with water, and pinched at either end until 
one of the ends has been placed below the liquid 
of the cell, the other hanging down towards the re- 
ceiving vessel, will be found a ready form of siphon. 
The liquid should be filtered; the plates should be 
washed and examined. If they are bent, straighten 
them, being careful not to damage the plugging. 
Damage to cells is generally due to short-circuiting. 
Plugs of the lead oxide may fall out of their places 
in the plates, and short-circuit one or more of the 
pairs. The importance of placing the glass cells 
so that light can pass through them, for obser- 
vation, cannot be too strongly urged. A plug, if it 
should fall out of its place, may be removed with 
a pair of hard-wood tongs, or may be made to fall 
harmlessly to the bottom by a little pressure. There 
should be enough space between the plates to ensure 
loose plugs falling to the bottom without short- 
circuiting the plates. 

By way of instruments and accessories the attend- 
ant of a large accumulator should be provided with 
an ammeter, for showing at any time the rate of dis- 



Digitized by 



Google 



AUTOMATIC SWITCH FOR ACCUMULATOR. 49 

charge and the state of the current generally. A 
bell-alarm, to ring when the rate of discharge is 
above the normal, to be kept in the circuit. " Excess 
indicators " of this kind are now to be obtained com- 
mercially. They generally consist of certain strips 
of metal, so fixed in a stand that, upon the current 
exceeding the safe limit, the heat evolved in the strips 
causes them to bend and make contact with an electric 
bell circuit. The bell is generally put in the circuit 
of one of the accumulators. The distance between 
the contacts being adjustable, any unsafe amount can 
be readily provided for. A cut-out may of course be 
used instead, but there is the disadvantage in this 
that any excess of current, upon acting upon the cut- 
out, will extinguish the lights. 

An automatic switch, for acting upon the circuit 
while charging, is a valuable accessory. These act 
by closing the circuit when the dynamo is supply- 
ing a current strong enough to charge the cells; 
but should the current become weak, or other fault 
occur, the switch will open the circuit and so pre- 
vent the accumulator from reversing the dynamo. It 
may be pointed out that this form of cut-out is espe- 
cially recommended for use with a series-wound 
dynamo. 

While both charging and discharging it is gene- 
rally necessary to vary the number of cells in circuit. 
This is eflFected by the switch-board, which, as supplied 
for accumulator installations, is usually provided with 
switches for "charging," "discharging," "dynamo 
in," " dynamo out of circuit," &c. In many installa- 
tions the accumulator is used in conjunction with the 
dynamo, or more commonly a portion of it. Thus, if 
anything happens to the machinery, the reserve cells 

E 
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can be switched in, and the absence of the dynamo 
not noticed. 

Leads and Contacts to the Accumulator and Dynamo. 
— ^A great deal of waste often takes place by the use 
of leading cables too small, but more often by bad 
contacts. Let the lead be amply large enough, and 
well insulated. Wherever there is a connection that 
cannot well be soldered, observe, after screwing down 
the terminal upon the cable and removal, what surface 
of contact exists between the two. The "pinch spot " 

Ampere Meter Switch 
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Fig. xo^— Device for Switching Dynamo in Parallel with Accumulator. 

will show this. Let the contacts be large, and all 
such screws protected from oxidation. 

Swttchtng-tn Dynamos at right instant, — On this 
point a letter from Mr. Melhuish, of Vienna,* describes 
an ingenious device of his own for overcoming the 
dijBBLCulty of estimating the right time for switching- 
in the d3mamo in parallel with the accumulator. He 
says, " Perhaps others as well as myself have experi- 
enced some little difficulty in putting the charging 
d3mamo on to the accumulator battery exactly at the 
right time, «>., just when the E.M.F. of the machine 
is equal to the E.M.F. of the battery; and I have 

* Electrician^ vol. 20, p* 451* 
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often seen heavy sparking at the commutators and 
the armatures probably strained by the connection 
being made too early or too late. Some of the auto- 
matic appliances made for this purpose get over the 
difficulty to some extent, as they are generally set 
to make the contact when the volts on both sides 
are approximately equal, but such apparatus are 
costly at best. I found using a voltmeter also not so 
convenient as the very simple plan shown diagrama- 
tically in the accompanying sketch, Fig. 10. The 
lamps, A and B, are first selected as giving the same 
light with the same E.M.F. The lamp A, it will be 
seen, is lighted from the accumulators, and B is con- 
nected with the machine. If now the machine is 
started B will gradually become bright as the speed 
increases, and by watching until the light given by 
the two lamps is equal and then closing the switch, 
the circuit is made without the least sparking at the 
commutator of the dynamo, and without throwing 
any strain whatever upon its armature ; for if a 
double-ended current indicator be placed in the circuit 
it will be seen that it remains at zero with scarcely 
a tremor, even when closing the switch." 

This plan appears preferable to the use of an auto- 
matic instrument, for it is doubtful if it be possible to 
so adjust an automatic switch as to remain in the 
same condition month after month, in daily use. 

Reserve Cells, — As an accumulator is discharged 
there is a fall in the potential, but it is so slight that 
two or three cells, at most,, held in reserve suffice to 
restore the full E.M.F. These also are arranged so 
that they may be switched in one by one as required. 
A fall of five volts in a hundred affects the brightness 
of the lamps. 



Digitized by 



Google 



CHAPTER III. 

SWITCH-BOARD AND TESTING WORK. 

Running Series or Shunt Dynamos in Parallel. — A 
good deal of difficulty has been encountered in the 
running of alternating dynamos (or rather in the 
switching in) in parallel, especially in public lighting. 
This has been mostly overcome, however, and it is 
quite commonly done at all large stations. But the 
working of constant current machines has been effected 
in parallel from the first days of electric lighting, pro- 
bably as early as 1881, and presents few difficulties. 

But if a continuous current dynamo is feeding a 
number of lamps ; and if the load upon it begins to 
be too great, by the switching in of additional lamps, 
it will not be practicable to merely switch on another 
machine, even if running at the same speed. Such a 
course would result in a great electrical strain being 
put upon both machines, in great overheating, in 
burning of the commutators and brushes, in dimming 
or putting out the lights, and, finally, the possible 
reversal of the fresh machine and the running of it as 
a motor, if it happen to be the smaller. 

The new dynamo must first be " built up," as it is 
sometimes termed ; that is, worked upon an artificial 
resistance until it is giving a current and pressure at 
least as great as half the load of lamps upon the 
working machine. 
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DYNAMOS m PARALLEL. 53 

There are other methods of switching in a new 
dynamo, but not generally practised, and as the pre- 
liminary loading plan is so simple and practicable we 
will confine our remarks to it alone. In the earlier 
days of the electric light a bank of lamps, equal at 
least to half the probable load upon the working 
dynamo, was provided, suitably connected, and in 
view of the attendant. The new dynamo was started 
and worked upon the " bank " until they showed full 
brightness, compared with a lamp fed by the first 
machine. The switch was then at once brought into 
play, and the two dynamos put in parallel upon the 
main leads. Immediately afterwards the artificial 
bank of lamps was switched oflF the new dynamo. 
Each machine would then take half the load ; the first 
machine would begin to cool down, and the lamps 
would maintain their brightness. 

Artificial resistances in the form of lamps are not 
now so generally used. Such a course is unnecessary, 
where the attendant is provided with ammeters and 
voltmeters. It is more usual to employ either carbon 
or iron resistance frames. The iron frames are usually 
either in the form of iron wire wound spirally upon 
iron tubes, with asbestos separating insulation, or in 
the shape of zig-zag courses of hoop iron, exposed to 
the air. It is not of material consequence what form 
the artificial resistance takes. 

Before starting the new dynamos the volts and 
amperes given by the working machine must be 
observed. This is usually done by keeping the in- 
struments in the circuit, so that the load upon the 
machine can be observed at any time. Similar indi- 
cators must also be placed in the circuit of the fresh 
machine, and its working continued upon the artificial 
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resistance until the volts and ampdres given by it 
agree approximately with those upon the working 
dynamo. The two machines are then put in parallel, 
and the artificial load at once taken off, as before 
explained. 

For small installations, not provided with many 
instruments, the simple method of getting the 
potentials equal before switching in, explained at 
p. 50 as applicable to accumulators, will be found 
very useful. 

To prevent overloading many stations are furnished 
with current registers, so arranged that, after the 
manner of an " excess alarm," a bell begins to ring 
as soon as the current becomes abnormal. These can 
be adjusted beforehand to go off at any predetermined 
load, and obviate any overheating or injury to the 
working machine. 

Alternating Current Dynamos in Parallel. — To 
effect the running of alternators in parallel without 
injury to the lamps, or other inconvenience, is not 
quite so simple as the working of imi-direction 
machines together. 

It may be well to explain that alternators work 
according to a "phase," a given predetermined 
number of which are completed in a minute or second, 
as the case may be. The phase or wave is frequently 
symbolised by a curved line, 00 . The number of 
these per second is known as the rate of alternations, 
or the periodicity of the dynamo. In Europe the 
makers of alternators run their machines rather slower 
than American makers; thus many European alter- 
nating dynamos give only 80 to 100 alternations or 
waves per second, while Westinghouse's American 
alternator gives as high as 267 per second. 



Digitized by 



Google 



PERIODICITY OF ALTERNATORS. 55 

Synchrontstngy then, of the phases of two dynamos 
to work in parallel cannot be eflFected unless they are 
of the same period and moving at the same speed. 

It is generally known that it is easier to work 
alternators in parallel as their rate of alternations is 
slower, or, in other words, the switching on is more 
simply effected, with less liability to disturb the 
lamps. 

If a fresh alternating dynamo, moving at the same 
speed, and giving the same rate of alternations, be 
switched at any time into the working circuit of 
another, a violent jumping of the light, with pos- 
sible extinctions and re-lightings, will generally occur. 
This will go on until the two dynamos have worked 
themselves into the same speed, and are in perfect 
synchronism. It will be observed that they quickly 
pull each other into unison. 

Such an occurrence would not only be unsuitable 
to public lighting, but would rapidly destroy the lamps. 
The life of a lamp would, under this treatment, be 
reduced very considerably, and many lamps, failing 
to stand the strains, would break altogether. This is 
not, of course, the only objection to the indiscriminate 
throwing on of a fresh alternator to a working circuit. 
The insulation of the machines themselves would 
probably suffer just as much as the lamps, and there 
are other objections. Hence the only practicable 
method is to determine beforehand that the two 
machines are in perfect accord. Switching on is then 
attended with no disturbance in the working circuit. 

Practically the first dynamo is simply run until its 
volts and amperes agfree with those of the working 
dynamo. When perfect accord occurs the connections 
are made instantly. If well done scarcely a flicker in 
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the lamps will ensue. It is generally effected by means 
of both instrument observations and one incandescent 
lamp. A small auxiliary switch places the fresh 
dynamo parallel with the working machine through 
one lamp only. This lamp is carefully watched. It 
usually flickers or dims and brightens frequently 
before a perfectly steady moment occurs. As soon as 
the lamp is at full brightness, and is quite steady, the 
main switch is at once thrown in, bringing both ma- 
chines upon the same main. If there be any tendency 
of one alternator to fall out of phase with the other 
more work will be thrown upon the faster engine, and 
a balance of half and half is thus almost instantly 
obtained. 

Accumulators and Dynamos in Parallel. — Storage 
batteries are, of coiu'se, only used in connection with 
continuous current machines. They are being largely 
employed in central station work, and there has not 
been found any difiiculty in operating them upon 
mains and feeders in conjunction with dynamos. But 
in balancing an accumulator to feed in parallel with a 
machine the use of a rheostat, or resistance, is not 
required for the accumulator. It is usual to switch in 
cell after cell until a balance of power is obtained. 
Again, the simple test lamp device, described at 
p. 50, may be employed for indicating in place of 
more elaborate instruments. 

Central Station Time and Current Curves. — The use 
of these is becoming very common. At each central 
station is kept a table showing at a glance the 
probable consumption of current at any hour in any 
given month of the year. This arrangement has led 
to such a system that the switching attendant can tell 
almost to a few minutes when to look for an abnormal 
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current from his working dynamos, indicating the ne- 
cessity for a fresh machine in parallel. 

Working Indicators for the Switch Room. 

It is curious that scarcely any of the instruments 
that have been hitherto employed for measuring pur- 
poses in the laboratory or class-room have been foimd 
useful for the practical work of the dynamo room. This 
fact has given rise to the production or invention of a 
goodly number of indicators especially designed for 
the practical working of installations or systems of 
public supply, and as most of them are new, or have 
only come into use within the past year or two, we 
propose to acquaint the reader with a sketch of two 
or three of them in the hope that this preliminary 
information may prove useful to him in employing the 
instruments themselves. We can only, however, 
notice a few of the most successful within the limits 
at our disposal. 

Cardeufs Patent Voltmeter depends for its action 
on the expansion of a high resistance wire due to the 
heat produced by the passage of a current, and is, 
therefore, absolutely free from the errors due to neigh- 
bouring currents and other causes which sometimes 
exist in other forms which depend upon magnetism for 
their action. It is said to be the only voltmeter that 
is self-compensating for temperature and will give the 
same reading in summer and winter. So far, the 
Cardew instrument has been chiefly used for alter- 
nating currents, but is said to be quite as effective 
under continuous currents. 

The external appearance of the instrument may be 
observed upon price lists, and merely shows a long 
tube, carrying at one end a large dial, with a light 
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finger moving over a circular scale graduated to volts 
and fractions thereof. 

The interior of the instruments, as made according 
to the " 1890 pattern," is shown in Fig. 1 1, where the 
general arrangement for magnifying the movement 

due to the expan- 
sion of the wire is 
exhibited. It con- 
sists of a series of 
wheels, or bearer 
pulleys, usually of 
bone, set in 
jewelled centres, 
with a hair- spring 
for eliminating 
"back-lash." The 
fine wire is carried 
from the small cen- 
tral pulley away 
on both sides to 
the bottom of the 
tube and back 
again, so that 
although the ex- 
pansion obtained 
is that due to only 
half the wire in use 
the mechanical 
strain on the wire 
is halved. A safety fuse is inserted to save the work- 
ing wire in case of an excessive E.M.F. being ap- 
plied to the terminals, but care must be taken in using 
the instrument not to lift the brushes of a dynamo or 
produce a sudden difference of potential which might 




Fig. il. — Cardew's Voltmeter. 
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destroy the working wire before the fuse could act. 
The wonderful accuracy of this instrument, within cer- 
tain useful ranges, is becoming well known. It is 
made generally in two patterns, vertical and horizon- 
tal, in sizes ranging from 10 to 30 volts, and similar 
ranges, three other sizes up to from 40 to 1 50 volts. The 




Fig, 12. — ^Accumulator Voltmeter. 

horizontal tube pattern instruments read up to 120 
volts. Messrs. Drake & Gorham are the owners of 
the patent. 

Car dew's Accumulator Voltmeter, — An accurate volt- 
meter, reading from o to 2-5 volts has hitherto been a 
very difl&cult one to obtain. In the Cardew cell tester, 
which will actually read within these figures, we have 
an accessory indispensable to the user of storage bat- 
teries. At p. 47 we gave reasons for the extreme care 
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with which accumulators should be tested for condi- 
tion, cell by celly at frequent intervals. Although the 
thermometer will give timely notice of any short 
circuit in the cell, or other cause that might give rise 
to heat, there is nothing so certain as a test of the 
E.M.F. of the cell. The instrument. Fig. 12, is ex- 
tremely simple, depending as it does upon the slight 
expansion of a highly resisting wire in two parts, 
strung in a tense condition between two insulating 
horns. The wire controls the movement of a pointer 
so pivoted as to magnify the expansion. The little 



Fig. 13. — Contact Staff for Accnnmlator. 

instrument shown in the figure measures only 3|in. 
square. A careful attendant upon accumulators will 
use his voltmeter each evening, towards the end of 
the run, while the accumulator is still discharging 
upon the lamps, when the lower E.M.F. of any 
weakly cell can be the more easily detected. But 
in addition to the use of the voltmeter for detecting 
incipient faults in the cells it is the proper indicator 
of the state of the battery while charging. When the 
cells attain to an E.M.F. of 2*5 volts they are very 
nearly fully charged, and in discharging they should 
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Fig, 14. 






never be allowed to fall below 0-5 volt for reasons 
explained in the remarks upon accumulators, p. 46. 

For making connection with the poles of the cells 
a useful form of contact 
maker, Fig. 13, is issued 
with the small voltmeter. It 
is only necessary to touch, 
for a moment, the two poles. 

Accumulator Hydrometer 
Instruments, — ^While on the 
subject of instruments for 
testing accumulators note 
may be made of the kinds of 
hydrometers commonly em- 
ployed by attendants of 
storage batteries. Fig. 14 
represents the usual form of 
open scale hydrometer with 
a flattened bulb. It scales 
from 1*075 to I '300, an ample 
range for accumulator work, 
according to its height float- 
ing in the solution. The later 
form of "bead "hydrometers, 
Figs. 15 and 16, contain four 
coloured glass beads, which 
float at the following densi- 
ties respectively i • 1 050, i • 1 70, 
I '190, and 1*200. These are, 
of course, more easily read 
in a poor light than the 
scale instruments. Fig. 15 is made much longer, 
for use in storage cells contained in teak boxes, as 
used aboard ship, and is known as the ship hydro- 



Fig. 15. Fig. i6. 
Hydrometers. 
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meter. The instrument is adapted to be passed 
through the vent hole in the cover of the box, and to 
withdraw a sufficient quantity of the solution to enable 
the beads to float. In order that the liquid may 
not escape, the finger is placed over the opening 
in the top of the tube. This form is useful also in 

indicating the level of the 
solution in the cell. The 
"Holden" type hydro- 
meter, represented in Fig. 
17, as in use in a glass cell, 
is also largely employed on 
account of the ease with 
which its indication can be 
read. The scale as shown 
is separate, and set with its 
point touching the liquid. 

Magnetic Voltmeters. — A 
considerable number of 
fairly accurate voltmeters, 
depending for their action 
upon a permanent magfnet, 
have been introduced of 
late. Messrs. Ayrton & 
Perry's is one of the best of 
these, and is too well known 
to call for detailed descrip- 
tion. There are, however, 
in certain situations several objections to permanent 
magnets, the most forcible of which is doubtless the 
tendency of such a magnet to change in strength, or 
weaken with time. Such a fault calls for re-adjust- 
ment of the instrument at frequent intervals, with all 
the trouble of having to make or employ an absolutely 




Fig. 17.— Holden's Hydrometer. 
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accurate ** standard" cell, giving a known voltage. 
This re-adjusting is generally known as calibrating. 

To Calibrate Ayrton & Perry's Voltmeter. — It may 
be useful to owners of these instruments to possess a 
ready rule for re-adjustment. In both the simple and 
commutator instruments the adjustment by which the 
deflections are rendered direct is made by moving the 
galvanometric coil from a stronger part of the field 
into a weaker part, or vice versa. The coil is sup- 
ported by two screws, and by means of nuts it can be 
moved as above described. On unscrewing the base- 
board the magfnet and coil of the instrument are 
exposed, and the adjustment can then be made. To 
calibrate the commutator voltmeter turn the com- 
mutator to parallel, and send a curent from a standard 
cell of known E.M.F. through the instrument ; a de- 
flection, D, will be obtained.* Pull out the plug of the 
resistance coil, and a new deflection, D, will be given. 
If E. is the E.M.F. of the standard cell, then the 
difference of potential at the terminals of the instru- 
ments = E volts for deflection D, and 1° gives 

E tT" in parallel, or loE ~ volts in series. The 
Dd ^ D D 

adjustment of the coil can be made until the desired 
value per degree is obtained. Although a Daniell 
cell, giving as nearly as possible, when in zinc and 
copper sulphate 1*07 volt, is frequently used for cali- 
brating, the result cannot be accurate reading. It is 
much more satisfactory to use one of Mr. Latimer 
Clark's standard cells, the employment of which is 
becoming common among electrical engineers. The 
E.M.F. yielded by this little cell is accurately i'435 

* A battery of several such cells is usually employed in calibrating. 
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volts at ordinary temperature. The Clark's cell 
should never be allowed to work through any resist- 
ance less than i,ooo ohms. 

Pater son's Electro-Magnetic Voltmeter, — For ordinary 
work this voltmeter has proved itself very useful. 
It is at least free from most of the objections 
urged against permanent magnet voltmeters, and is 
said to be constant, calling for no re-adjustment. On 
the other hand the magnetism is got by the setting up 
of a current, and although this would only intro- 
duce a trifling error in 
a case of considerable 
E.M.F., it might give 
rise to a slight drop of 
potential in the case 
of delicate readings. 
The instrument is 
handy, and not too 
high in price, with a 
register accurate 
enough for every day 
use. Fig. 1 8 repre- 
sents the external ap- 
pearance. The usual 
permanent magnet is 
replaced by a slender electro-magnet, acting upon 
an indicator in the usual way. It is made to give 
ranges of from o to 5 volts, from 2 to 50 volts, and 
so on up to 200 volts. By means of extra resistance 
coils the range of the instruments can be multiplied 
by 2, 4 or 8. 

Sir William Thomson* s ^^ Steel-yard*' Gravity Volt- 
meter is becoming well known to working electricians. 
It is one of the simplest and most effective in use, 




Fig. x8.— Electro-Magnetic Voltmeter. 
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consisting as it does of a high resistance coil, in the 
form of a cone, within which is suspended a short 
conical piece of soft iron, balanced upon the short end 
of the steelyard. The connection of the coil to the 
poles of an electric source causes an attraction of the 
stumpy piece of iron further into the coil, and a cor- 
responding movement of the steelyard indicator over 
its scale. Sir William Thomson's new direct-reading 
vertical scale voltmeter is likely to have extended 
application for the finer work of the testing room. 
The same eminent electrician's electrostatic volt- 
meters, and his recent Centi., Deci., Deka., &c., 
ampfere balances are likely to meet a demand for 
highly accurate amperemeters. 

A description of Siemens' Electro Dynamometer is 
scarcely necessary.* Both that and the standard 
voltmeter introduced by the 
Edison-Swan Company, as de- 
vised by Messrs. Gimmingham 
& Fleming, are becoming fairly 
common in collections of elec- 
trical test instruments.! 

Pocket Voltmeter. — As illus- 
trating the extreme of porta- 
bility the pocket voltmeter, re- 
presented in Figs. 19 and 20, 
will prove of interest to elec- 
tricians whose avocations take 
them away from the more im- 
portant instruments, which 
must be kept in the test room, or, at best, cannot be 
carried in the pocket like a watch. The little volt- 

* See " Electric Light," p. 331. 

t See a paper read before the Institute of Electrical Engineers, Nov. 25, 
1087, for a description of the latter instrument. 

F 




Fig. 19.— Pocket Voltmeter. 
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meter shown is fitted with a permanent magnet, in 
the field of which is placed a small galvanometric 
coil, the terminals of which end in two insulated 
plug holes at the edge of the case. The indicator 
axis is carried through the face, and terminates in 
a light style, moving over a graduated scale. The 
pocket voltmeter is made to read in ranges, from o to 
10 volts, and so on, up to 80 volts. 
Messrs, Ayrton & Perry's Spring Voltmeter and 




Fig. 20.— Pocket Voltmeter. 

Ammeter has only very recently come into use, but it 
is likely to supersede many of the more common forms 
of electro magnet voltmeters. It consists essentially 
of a coil of wire, acting as a ** sucker " coil, the core 
being a tube of soft iron. To the tube is attached the 
lower end of a kind of constant diameter volute 
sprinj, which carries a pointer on its upper end. 
Upon the coil being connected to the poles to be 
tested, the coil excites a down-pulling force upon the 



Digitized by 



Google 



STATION AMPEREMETERS. 67 

soft iron tube, thereby sensibly extending the spring, 
and causing its upper end to rotate a certain distance, 
carrying the pointer. It is a very useful instrument 
for practical work, and acts either as a volt or an 
ampfere meter, according to the resistance of the coil 
used. 

Amperemeters for Station Work. — Most of the 
instruments already spoken of as adopted for the 
measurement of E. M. F. (voltmeters) can also be 
used, with slight alteration, for measuring current. 
As a rule, an ammeter is simply a voltmeter with a 
coil of lower resistance. At many central stations 
rough, large amperemeters are put up, composed of a 
coil of insulated wire, having a freely-moving core of 
iron or steel balanced within it. The core carries an 
indicator, or is attached to the short end of a long 
steelyard, moving over a scale. The scale is usually 
a rough one, made to correspond with the movements 
of the indicator. Such a makeshift instrument has 
frequently been found to preserve its accuracy longer 
than many more pretentious amperemeters. Am- 
meters for installations or central station work are 
frequently graduated not to amperes, but to lamps, and 
are adapted to show the number of lamps in the circuit 
at a glance. Such a system cannot be recommended. 
It is well known that lamps vary greatly in their con- 
sumption, and any instrument graduated to them can 
only give a rough approximation to the actual current 
passing. 

Whenever makeshift or doubtful instruments are 
to be used they should be carefully standardised 
first by means of the torsion dynamometer of 
Siemens. The amperemeter devised by Messrs. 
Fleming & Gimmingham, now issued by the Edison- 
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Swan Company, and spoken of at p, 65, is likely to 
have an extended application. But the introduction 
of commercial amperemeters, dating as it does back 
only a few years, has not yet led to the general 
adoption of any particular system — each electrician 
chooses or devises for himself. 




Fig. 21.— Edison-Howell Lamp Indicator. 

Edtson-Howell Lamp Indicatory as used on the com- 
mercial circuits in America, is represented in Fig. 2 1 . 
A magnetic needle is employed as the indicator. It 
remains at " zero " (that is, in this case, the centre of 
the scale, indicating the "balancing point" or posi- 
tion of equilibrium when set to the exact voltage 
required upon that circuit), and is only caused to 
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deviate either way by any abnormal fall or rise in the 
potential or current. In principle it depends upon 
the great variation in the resistance of carbon as the 
filament of a lamp, due to any change in the tempera- 
ture. A rise of temperature is accompanied by a fall 
of resistance in these lamps. In order to utilise this 
fact use is made of the principle of the Wheatstone's 
bridge, as indicated in the diagram (Fig. 22). The 
circuit to be indicated is made to pass a portion of its 
current through the incandescent lamp. The amount 




Fig. 22. — Diagram of the Lamp Indicator. 

oi this current is determined by the E.M.F. or pressure 
in the circuit, and varies with the pressure. The 
temperature of the filament varies with the current, 
as does also its resistance. Thus, by measuring the 
resistance of the filament (or balancing it) an in- 
direct measure is got of the pressure acting upon it. 
The marks upon the scale are laid out to indicate the 
volts necessary to bring the carbon filament to the 
resistance required, so that the scale gives a direct 
measure of the E.M.F. in the circuit. 
In the diagram L represents a carbon filament 
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lamp. D is a coil of wire of sufficient size to carry 
the lamp current without overheating. These two 
resistances form one arm of the bridge. The other 
arm is composed of three resistances of wire, A, C, 
and B, and the galvanometer is connected between 
the point F and the frame upon which the slide contact 
S slides. This enables the galvanometer contact to 
be made at any point of the resistance C. If A, plus 
that part of C on the left hand side of the galvano- 
meter contact be represented by A^ ; and B, plus the 
part of C on the right hand side of the galvanometer 
contact be represented by B^ then when a balance is 
obtained on the bridge, and no current flows through 
G, we have A^ D = B^ L. G is a simple form of gal- 
vanometer which indicates the direction and relative 
amount of the current flowing through it. When the 
instrument indicator is in zero, no current is flowing 
in G. If, now, the sliding contact be in the centre ot 
resistance C, and a suitable lamp be in L, on sending 
a current through the indicator, and gradually in- 
creasing it, the resistance of the filament becomes less 
and less, until, when the desired pressure is acting 
upon the indicator A^ D = B^ L no current flows 
in G, and the indicator remains at zero with the circuit 
either made or broken. This position of the sliding 
contact is marked D, and, if at any time the contact 
be placed at this point, and the pressure made such 
that there is no current in G, it is evident that the in- 
dicator shows the same pressure as that employed 
when it was adjusted at that point. The indicator 
being thus balanced, if the pressure be increased the 
pointer will move to one side of zero ; if it be de- 
creased, it will take an opposite course. 

Should the sliding contact now be moved to some 
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and whose resistance therefore is not liable to vari- 
ation with time. The other lamp is constantly in 
use, and any variation of its resistance can be ascer- 
tained at any time by comparison with the standard 
lamp. 

If the pressure in the mains rises when the instru- 
ment is connected across the wires in use, current will 
flow across the bridge. This will heat both the carbon 
filament and the German silver wire, but whilst heat 
increases the resistance of a metal it diminishes that 
of the carbon filament ; hence the resistance of one 
pair of arms is increased but that of the other pair is 
diminished, upsetting the balance and causing the 
galvanometer indicator to deflect from its position of 
zero. This test is very delicate, and necessarily so, 
when we consider that a fall of five volts in a hun- 
dred in the working pressure will cause lamps which 
bum quite brightly at a hundred volts to become very 
dull. On the other hand, a rise of five per cent, will 
tend to shorten the life ot the lamps. Upon well- 
conducted systems the pressure upon the mains is 
never allowed to vary more than one-half per cent. 
Such close working could not easily be attained by 
any ordinary means other than the use of zero-indi- 
cating instruments such as we have described. 

Regulation of the Dynamos to correspond with Balance 
Indicator.— Ks> we have already ascertained (page 6). 
the regulation, save in small installations where a 
compound-wound machine may regulate for itself, is 
usually effected by varying the exciting current by 
means of a shunt. The exciting machine field is in- 
deed the point of regulation generally resorted to. It 
is comparatively easy, by means of a simple resistance 
frame, to so control this small current that the pres- 
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sure is kept within the required half per cent. At 
some stations the speed of the engine is accelerated 
or retarded as required. 

Enough has been said to give some idea oi the 
nature and variety of indicating and regulating instru- 
ments employed in isolated and central station plant 
working. 

A few words further, by way of summing up. The 
general scope of these indicators and controllers may 
serve to fix in the reader's mind the everyday appli- 
cation of this lately-developed system of regulating 
electric supply. 

Of Rheostats it may be said that for practical dy- 
namo-room work they are simply resistances that can 
be adjusted from little to much at will. They take 
many forms. For heavy current work large rheostats 
usually consist of coiled (or otherwise compactly dis- 
posed) iron wire, or of hoop-iron, or of carbon-rod ; or, 
for instrument work, the more expensive German 
silver wire. The practice of controlling by means of 
a variable resistance, save for small currents, is going 
out of fashion. At one time, and even now, in isolated 
plants, the main current was passed through a resist- 
ance which was raised to suit the lamps. This was 
extremely wasteful, and a great step in advance was 
taken by controlling only the exciting current of the 
field magnetwS — in other words, varying the resistance 
of the shunt. It is of course still more economical to 
vary the current of the field of the exciting dynamo 
when a separate exciter is employed. Dynamo 
balancing rheostats are merely resistances having a 
range sufficient to balance the current of one dynamo 
against that of another, with which it is desired to 
run it in parallel. This was formerly, as explained at 
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p. 53, eflFected by a rheostat of lamps, or merely a 
bank of lamps, not adjustable. 

The regulating part of the rheostat usually con- 
sists of a series of contacts, or copper plates, connected 
in series with successive portions of the iron wire or 
hoop. By the sliding of a lever over them each one 
is in turn switched over into the circuit and adds its 
resistance thereto. They are usually made in the 
form of a circle for ease in manipulation. It may be 
accepted as a sign of poor electrical engineering 
when large rheostats have to be used at all. Their 
use means waste and bad regulation. 

RcsumL — Broadly, then, the instruments used in 
the dynamo and switch-rooms are as follow: — Rhe- 
ostats, for regulating the E. M. F. and current of the 
dynamos ; balancing rheostats ; potential indicators 
(voltmeters) for showing at a glance any variation in 
the pressure upon the leads or mains [brightness of the 
lamps). These usually remain continually in the cir- 
cuit. Amperemeters (current metersj used to indicate 
the number of lamps on circuit. This is also commonly 
kept in circuit, and shows, in conjunction with the 
voltmeter, the work going on, giving warning of any 
necessary approaching change: Detectors, for calling 
attention to ground or earth faults. These take several 
forms, according to the nature of the work and the 
potential at which the mains are charged. 

Resistance and Insulation Testing. 

The "practical'' electricity of the schools, class- 
rooms, and laboratories is frequently so different 
from the practical electricity of the electric light 
station that a few hints respecting the taking of 
resistances appears necessary in the present chapter. 
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The resistances that most frequently need to be 
measured are those of the coils of armatures and 
field magnets of dynamo machines, the resistances of 
mains or leading cables, the resistances of branch 
leads and wiring generally in buildings. These are 
resistance tests only, but they only give half the infor- 
mation generally required. It is frequently still more 
necessary to ascertain the insulation resistance of the 
coils of armatures and field magnets, and of mains, 
feeders, branch leads, and wiring generally. 

A rough measurement of the resistance of an arma- 
ture, or field coil, is sometimes taken as follows. It 
may, of course, be made sufficiently accurate for 
ordinary purposes by using sufficient care in taking 
the test. It depends upon the principle of comparing 
two deflections of the galvanometer, which are pro- 
portional to the fall of the potential shown by the 
insertion of a resistance. 

Take a wire measuring over a hundred ohms, and 
another wire of only a hundredth of an ohm. These 
can be obtained from, or produced by, the testing 
set described further on, if not at hand. Connect 
these in series with an accumulator cell, and the 
brushes pressing upon the commutator of the dynamo, 
forming a complete circuit : cell, two resistances, and 
armature coil. For the test employ, if possible, a 
delicate reflecting galvanometer ; connect it by wires 
with the two ends of the one hundredth ohm resistance 
and note the deflection. Remove the wires and apply 
them to the brushes of the machine, turning the com- 
mutator round, sector by sector, so as to get the 
average deflection. The average deflection produced 
upon the galvanometer, compared with the deflection 
got from the one hundredth ohm coil, show at once the 
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resistance of the armature coil compared with the hun- 
dredth ohm coil ; e.g,^ a deflection of 50° from the arma- 
ture coil and of only 25° from the hundredth ohm coil 
would show that the armature coil had as much again 
resistance as the hundredth ohm coil. A " comparison 
coil " of any suitable resistance can be used, but when 
the resistance of the armature is low the hundredth 
part of an ohm is a convenient standard. The rough 
coils employed for this purpose are frequently of hoop 
iron. Strap iron, having a thickness of ^V^^ ^^ ^^ 
inch and a width of half an inch, will be found to give 
approximately one ohm resistance for each 100 yards. 
The high resistance coil is merely used as a " choking 
coil" to obviate the passage of an appreciable cur- 
rent by the cell. The setting up of a large current, 
which would ensue upon using a small resistance, 
would probably entail a fall of potential in the cell, 
and an error in the observation. 

This simple method is frequently used for measuring 
the resistance of circuits, its chief advantage being 
that no instruments are required except a reflecting 
galvanometer, and only one of the resistance coils — 
the smaller — need be accurately known. 

Testing Box. — But for general resistance measuring 
a proper " testing set," consists of a Wheatstone 
bridge combined with resistances in a case, and a 
testing battery in a separate portable form. The 
nature of the balancing method generally spoken of 
as Wheatstone's bridge is well known to students, 
and since it is elucidated in class-rooms, and may be 
studied in any standard text-book of electricity, it 
will be unnecessary to describe it fully here. The 
class-room Wheatstone bridge, however, is not quite 
similar to that used by practical electricians, and we 



Digitized by 



Google 



WHEATSTONE BRIDGE. 77 

therefore select for description a good form for every- 
day working purposes. 

Fig. 23 represents the general appearance of a test- 
ing box, as issued by the Gutta-Percha and Telegraph 
Works Company, and is especially designed for the 
use of electric-light engineers. 




Fig. 23.— Testing Box. 

It consists of a Wheatstone bridge with dial 
pattern resistance coils, capable of measuring copper 
resistances of from 'oi ohm to 9,900 ohms, a highly 
sensitive galvanometer, and all the necessary ap- 
pliances for measuring insulation resistances up to 
30 meg-ohms, a galvanometer key, and Vo^^^ ^^^ 
•/99th galvanometer shunts, fitted complete in a teak- 
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wood case, the dimensions being 7^ in. x 7^ in. x 
6f in., and weight 8^ lbs. 

Such a testing box saves a great deal of trouble. 
It obviates the necessity for setting up the delicate 
and by no means portable instruments sometimes 
employed where reliable tests are to be made. 

The battery consists of 30 Leclanch6 elements of a 
special portable pattern, contained in a polished 
wood box 1 1 in. X 9 in. and 7 in., connected up to ter- 
minals in the box, and provided with flexible wires 
for connection to the test-box. 

To take a Conductor Resistance, — Fig. 24 represents 
the particular arrangement of the resistances, ter- 
minals and galvanometer in the box forming the 
Wheatstone bridge. Figs. 25 and 26 show the con- 
nections necessary in taking copper resistances and 
insulation tests respectively. It may be pointed out 
that insulation testing is daily becoming of more and 
more importance. The fire offices now insist upon 
stringent conditions of safety insulation, and it may 
be accepted as the tendency of the times to provide 
abundant "safety" insulation as distinguished from 
purely electrical insulation, which might in many 
cases be of a comparatively inferior nature and yet, 
serve the purposes of carrying the work of feeding 
lamps on from day to day, without much loss. 

Reverting to Fig. 24, A and B are Wheatstone- 
bridge balance coils, and C and D, two dial-form 
resistances ; G the galvanometer, and K the key. 

Connect the conductor or the circuit to be tested to 
the " bridge terminals " on the right front of the box ; 
the plugs connected to the battery wires are to be 
placed in the " bridge " plug holes in the right of the 
box. 
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The resistance of a conductor is obtained by balancing 
known resistances against the resistance to be measured 
in the following manner : — 

The resistances marked A and B are the ratio re- 
sistances, and in each test it is necessary that one 
should be unplugged in A and one in B. 

The theory of the arrangement is the obtaining of 
equilibrium by the adjustment of the resistances in A, 
B, and C, D, until there is no difference of potential 
between the points E and F, and consequently no 
deflection of the galvanometer needle when the key 
is closed. These conditions can only be obtained 
when the resistances in the two sides X B and 
C D A are equal, or bear certain proportions to each 
other. Let us take the case of obtaining equilibriums 
with equal resistances. Make the resistance of the 
ratio sides A and B equal by unplugging the lo, 
100, or i,ooo coil in each ; it will be obvious that a 
balance or state of equilibrium between the points E 
and F will be obtained when C, D=X ; it is there- 
fore necessary to vary C, D until no deflection of the 
galvanometer needle is produced on repeated tapping 
of the galvanometer key, when C, D=X. It will be 
observed that by using equal ratio resistances, any 
resistance between i and 99 ohms can be measured, 
but by a suitable arrangement of the ratio resistances 
the range can be extended to from 'oi ohm to 9*900 
ohms, for if the 10 coil in the ratio arm B, and the 
100 coil in the ratio arm A are unplugged, a balance 
will be obtained when the resistance in C, D is ten 
times that of X; therefore, C, D divided by 10 will 
give the resistance of X. In the same manner we 
may have the 10 coil in B unplugged and the 1,000 
coil in A, in which case we divide the resistance in 
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C, D (when a balance is obtained) by lOO to obtain the 
resistance of X. High resistances are measured in 
the same manner, but the resistance in ratio arm B is 
made higher than that in A. For example, if we 
make B loo and A lo we multiply C, D by lo to 
obtain X, and if B is i,ooo and A lo we multiply C, D 
by loo. In the testing box the ratios are placed in 
front of the ebonite base; the left hand i,ooo, lOO, 
and lo coils representing A, and the right hand lo, 
lOO, i,ooo coils representing B. 

The following table gives the most suitable ratios 
for measuring resistances between the limits stated : — 



Between 


Ratio 






Ohms. Ohms. 


Right hand. 


Left hand. 




900 and 9,900 


1000 




10 


Multiply C, D by 100. 


90 „ 900 


100 




10 


C, D by 10. 


9 >» 90 


10 




10 


C, D = X. 


•9 » 9 


10 




100 


Divide C, D by 10. 


•01 „ -9 


10 




1000 


„ C, D by 100. 



It will be found while adjusting the dial resistances 
C, D, that if the resistances to which the dials are 
adjusted is higher than X, the galvanometer needle 
will be deflected to one side, while if the dial resist- 
ance is lower than X, the deflection will be to the 
opposite side, becoming less and less as the balance 
is approached. When the balance is nearly obtained, 
the key should be pressed down repeatedly, in order to 
induce the galvanometer needle to swing. 

To take an Insulation Resistance Test. — To obtain a 
constant, place the battery-wire plugs in the plug 
holes marked insulation, and plug up the 10,000 and 
'/g or V99 shunt in order to obtain a suitable 
deflection of the galvanometer needle ; call this de- 
flection By and the shunt used S. 

Insulation : — Connect the terminal marked " earth " 

G 
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to any convenient ground contact, such as a gas or 
water pipe, and that marked insulation to the con- 
ductor or circuit to be tested. Plug up the " insu- 
lation " switch (removing the plug from 10,000) and, 
if required, V9 or ^/qq shunt, reproducing as nearly as 
possible the constant deflection 0. Call the deflection 
of the galvanometer pointer D, and shunt S, then — 
Insulation resistance in ohms= 

^ X S X 10,000 , V 

ByTS ~ ^'^ 

or, if no shunt has been used in the insulation test — 

Resistance in ohms=^ ^ ^ p ^^'^^ (^^ 

Nofe. — The multiplying power of the V9 shunt 
is 10, and that of the V99 shunt 100. 

Example. — Suppose the deflection ^, when taking 

the constant to be 45^, and the shunt being '/9 9> a,nd 

the deflection D 20^ with V9 shunt, then, according 

to equation i — 

45 X 100 X 10,000 , 

j2-2 1^^ \ 1=225,000 ohms. 

20 X 10 ^ 

Example. — ^The constant deflection being as above, 

let the deflection D = 5^, no shunt being used — 

4S X 100 X 10,000 , - 

3^ 1 = 9,000,000 ohms or 9 meg-ohms. 

Portable Wheatston^s Bridge. — A very convenient 
portable bridge, for the comparing of small resistances 
(up to 100 ohms) has lately been introduced by 
Messrs. Woodhouse & Rawson. It measures only 
5i in. in diameter, with a height of 3I in. The 
ratio wire is of platinum silver, arranged in a circular 
spiral form and stretched upon the thread of a double 
threaded screw, cut on an ebonite cylinder, and the 
connecting wire to one terminal of the battery 
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Stretched on the other thread. Connection is made 
between the two by a spring and roller contact fixed 
to the inside of the ring-nut working on the screwed 
cylinder. The position of this nut, with its contact 
piece, determines the relative lengths of the platinum 
silver wire on either side. Four plug blocks are 
placed on the top of the cylinder, allowing a resist- 
ance of either 01, .1, i, or 10 ohms to be inserted in 
one arm of the bridge. Here are also the necessary 
terminals for connection 
to battery, galvanometer 
and resistance to be 
measured with a contact 
key. The arrangement 
is represented in Fig. 27. 
Insulation and Con- 
ductivity Tests during 
Wiring. — The simplest 
test, and indeed that to 
which the common wire- 
man confines himself, is 
a test for continuity. The 
only instruments required for this consist of a battery- 
cell of any portable kind, and a galvanometer of the 
simplest description. A wireman's "testing set" 
usually consists of a semi-dry Leclanch6 cell, a de- 
tector galvanometer, having a few hundred ohms re- 
sistance, and a connecting key, with suitable termi- 
nals. The whole is usually fitted into a small portable 
wooden case. But the only information such an 
equipment gives is warning of any break of conti- 
nuity in the wiring. 

There may be a serious defect in even the con- 
tinuity, which the first attempt to pass a large current 




Fig. 27.— Portable Wheatstone's Bridge. \ 
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would make manifest, and yet the continuity test 
might be satisfactory. Such a fault commonly con- 
sists of any one of the following : — 

A wire practically broken, but yet partially con- 
nected by a portion of the wire only. 

A wire broken right across, but touching at the 
break. 

A twisted joint, without being soldered, but yet 
loose, e.g.^ not rigid. 

A loose safety plug or cut out, and yet in contact 
sufficient to give a deflection upon the galvanometer. 

Wires are sometimes accidentally caught by the 
wireman's cutting plyers and cut nearly across 
without his knowledge. Such a point would heat very 
considerably when carrying full currents, and would 
finally be burned, opening the way for the formation 
of a dangerous arc between the severed ends. An arc 
of this kind would probably produce a fire. 

To take the ordinary conductivity test it is only 
necessary to connect the battery cell, galvanometer, 
and wire, to be tested in series, and to complete the 
circuit by connecting the remaining terminal of the 
battery to the " return " end of the wire. The wire 
may, of course, be connected at its far end to the 
" general return lead," and in the case of ship wiring 
to the iron body of the vessel, but the connection 
through the wire will be the same as if the wire itself 
were continued back to the test box. If there is con- 
tinuity a deflection of the galvanometer will ensue 
upon depressing the key. If there is a break there 
will be no deflection. If there be a very weak de- 
flection, it may be due to ineffiective connections at 
the box itself, or to some one of the defects already 
indicated. 
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Resistance Tests, — ^Xh^s^ ax-e taken t^y s>^^ 
thods, and it may be sa.id -rfiat each eleGtiric:^:!^'^ 
own particular favourite I>la,n. The tTv^o 1^<^<^ 
thods in practical xxs^, Tno^jvever, are 'tTrM.^M^'^ 

at p. 78 and known. a,s t:li.e balance test Ct>y^ 
stone's bridge), and tlxa-t: described at p. 7^ Jfe::r3 

the comparison of fall of potential metlio^^i 
Wheatstone's bridge -tost: is tlie most yxsvLsiLly -^ 
able, save to very sma,ll rosistances, and will Jt:^^ 
all that is necessary in e^roryciay working-. 

The resistance tests slitg usually deferred tx:r^ 
the wiring is coniplot:o. Each circuit can tzIrB-^ 
taken in turn. Intho oaso of an " installation '^ ^ 
electric light, as in a. Ixonse or ship, the tests slcxo^^ 
taken from the nxain sw^itch-board, closo *^^ 
dynamo. In the caso of house wiring for cent:x--a^ J 
tion current the tests AA^ill "begin at the distr-iXz^-^ 
board where the leads join the connections (fi-ox^r- 
main) leading into tlxo street. Circuits that aar^ 
viously planned will i>roT3ably be also estimatecia 
resistance, and it slxonia thus be very nearly fezx^. 
the resistance in olxnxs presented by each oiir^ 
Such preliminary information facilitates and onsi 
the correctness of tlxo tests, because the tests tl^ 
selves should approximate closely to the calcxxX. 
resistances. If thoy should vary the cause mxxsl 
sought out. Thetosts themselves will be foixrxci ± 

discussed at p. 78. . , ., 

It scarcplv seems necessary to remind the r^ 
it scarcely seexii=' "branch" and «« *..^_ 

that the extremitxes of tHe "^"^^"^^ , *:a?v 
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these happened to be connected. But lamp connec- 
tions must be kept open during the tests. 

Insulation Resistance Tests. — ^This test is becoming 
of greater importance in the case of house and ship 
wiring than the conductivity test itself. It is the test 
to which the fire offices will look for safety, and its 
fulfilment should be insisted upon by every fitter of the 
electric light. 

The insulation test is of particular importance 
aboard ship and in all buildings where damp is 
likely to injure the insulation. The apparatus em- 
ployed should consist of such a testing bridge as 
that described at p. 78 with its battery of 30 cells, 
or as many more cells as can be conveniently used. 
A small battery power is useless. The test itself is 
most easily taken according to the method given at 
p. 81. It should show an insulation resistance of at 
least •! meg-ohm * per lamp for every volt to be used 
on the circuit. 

The earth connection made in taking the test should 
be particularly good. A water-pipe is usually a good 
earth — ^better than a gas-pipe, where joints interfere 
with the conductivity to earth. 

The insulation aboard-ship, in cases where " ship 
return" is used, should be greater than that given 
above. In this case the " earth " will be the shell of 
the ship. 

But an insulation test may show full value before 
the working current is passed, and may fall off under 
the E.M.F. of the dynamo. For this reason the test 
should be in duplicate before the current is turned on 
to the lamps, and after the lamps have been run for 
many hours. Aboard-ship, and in damp situations, 
the test should be repeated at intervals. 

* Meg-ohm = one million ohms. 
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Insulation tests of overhead wires will show high in 
dry weather and low in damp weather. In the case 
of naked mains, underground, the same will hold 
good. Insulation tests of dynamo and transformer 
coils should be at least as high as that cited. 

Details relating to installation and house wiring 
testing are more fully treated in Chap. V , p. 182. 
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CHAPTER IV. 

ARC LIGHT WIRING AND FITTING. 

A GREAT deal of the trouble that has hitherto been 
encountered in the general utilisation of arc lamps 
has arisen from ignorance on the part of those 
fitting up the circuits for, or attending to, the arc 
lamps. Now that the lamps and currents are be- 
coming better known, more skilled attention is given 
to them, and a great impetus has thereby been im- 
parted to arc lighting. It may also be pointed out 
that the revival of arc lighting (which, until lately, 
appeared likely to be eclipsed by incandescent light- 
ing) is due in a considerable degree to improvements 
in the lamps themselves, to more effective insulators, 
superior methods of automatic regulation at the dy- 
namos, and to a better quality of carbons. 

The wonderful cheapness of the arc light, com- 
pared to the incandescent light, would prove a strong 
inducement to many to adopt it in place of gas, were 
it practicable to obtain in ordinary commerce plant 
that could be depended upon to yield a reliable and 
steady light. The general opinion of the arc light was, 
until very lately, that it had not yet passed the experi- 
mental stage, and that it was in consequence erratic 
and unreliable. 

It should now be the aim of everyone interested in 
the new light to remove that impression, and to assist 
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in spreading a general conviction that arc lighting can 
be depended upon ; that it is inexpensive and safe. 

This can only be effected by first understanding the 
nature of the arc-lighting current, the nature of the 
dynamo producing it, the best means of controlling 
it, the most effective method of distributing the light, 
and the working and care of the arc lamp itself. In 
one item alone (carbons) the cost of the running of 
the light has recently been very greatly reduced. 
And by such improvements as the substitution of a 
laminated for a solid armature in a dynamo the cost 
of the light has been reduced by one-third. 

The Obsolete Single- Arc System. — When arc lamps run 
from dynamos were first brought into use only one 
lamp could be put into the circuit of one machine. 
This was justly considered a great bar to the diffusion 
of the light, and altogether a costly system, neces- 
sitating as it did powerful lamps, only suited to special 
restricted areas. When Jablochkoff introduced his 
electric candle it was thought that arc lamps were 
entirely superseded, since several candles could be 
burned in the circuit of one dynamo. But an im- 
provement was soon effected in the arc lamp, which 
opened up a means of putting any number into the 
circuit of one machine. We may glance at the early 
form and the improved form. . 

Single-Regulating Coil Arc. — All the earlier lamps 
were regulated by means of a coarse wire solinoid, 
through which the whole of the current passed. If 
the arc in this lamp became too long the solinoid, 
through the weakening of the current, would allow the 
carbon rod to drop, producing a sudden " wink " and 
re-establishing the proper length of the arc. This 
sudden disturbance on the main and only circuit would 
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be communicated to any other lamp on that wire, and 
would upset its arc. Every movement of the solinoid 
core, or every defect in the arc, would thus necessarily 
be imparted to the whole circuit. It was therefore 
impracticable to run more than one such lamp on 
one circuit. If two or more were put in a constantly 
flickering light ensued ; some lamp would always be 
adjusting its arc and disturbing the others. This fault 
was overcome by a marked improvement, called a — 

Differential or Shunt-regulating Coil, — ^The coarse 
wire coil was retained as before, with its iron core, 
supporting the upper carbon ; but wedded thereto was 
a fine wire coil connected as a shunt to the arc. 
That is, when the current reached the positive terminal 
it had two paths open to it — through the coarse coil 
and the arc, and through the shunt coil direct back to 
the machine or negative terminal. If the arc became 
too long the current through it would tend to weaken, 
but this would cause a correspondingly stronger 
current to flow through the shunt, so that the current 
in the wires outside this lamp was not weakened. If 
the arc became too short the current through it would 
become stronger, but this would cause a correspond- 
ingly weaker current to pass through the shunt coil, 
so that the current on the outside wires was not 
strengthened. The shunt coil also exerts a control 
over the separation of the carbons, and by means of 
these constantly balancing factors, the current passing 
through the lamp is practically constant, and does not 
affect any other lamp. 

These elementary explanations are offered in order 
to clearly distinguish in the reader's mind the nature 
of the lamps, with their balancing devices, suitable for 
single and multiple lighting. The construction of the 
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lamps themselves, in which many ingenious modifica- 
tions have been introduced, can be studied in a good 
descriptive book on electric lighting.* The modifica- 
tions are chiefly in the direction of making the lamps 
suitable for either constant current or constant potential. 
There is, at least, one lamp (the Brockie-Pell) which 
is so ingeniously adjusted as to fit it for working upon 
either circuit — that is, it may be taken firom a con- 
stant current circuit and placed in a circuit where the 
potential is kept constant instead of the current, and 
it will burn very well. There is also a successful 
automatic cut-out in each lamp, so that if the carbons 
happen to bum out, the circuit will not be interrupted, 
but will remain open through the cut-out, leaving the 
lamp in a by-pass. 

Arc lamps in parallel^ that is, placed across the main 
leads, like incandescent lamps, work very well when 
fitted with resistances or " choking coils," as they are 
called.t 

Arc lamps are frequently run upon alternating 
current circuits ^ when adopted for that purpose, and in 
this way are now run off transformers along with in- 
candescent lamps — in this case, the arc lamp is, of 
course, placed in parallel across the leads. 

Focussing arc lamps are those in which both 
carbons move towards the arc, are burned equally, and 
keep the arc in one place. 

The distance between the carbons in arc lamps does 
not vary much. It always depends upon, and is 
nearly proportional to, the E.M.F. in the circuit. 

With an E.M.F. of 50 volts and a current of 15 
ampferes the usual working distance is -j^ths of an 
inch. With a 40 volts E.M.F. and a 10 ampere 

* See pp. 206—250 of "Electric Light," 4th ed. London, 1890. 
t " Choking and Impedance Coils, p. 115. 
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current, Jth of an inch is usually the most effective 
working distance. These figures apply to the or- 
dinary powerful arc lamps used for street lighting 
when worked in series ; when worked in parallel, the 
E.M.F. must be higher — usually about 20 per cent. 

When a dynamo is running only one lamp its E.M.F. 
need not exceed 50 volts. 

When a dynamo is running several lamps its E.M.F. 
must be proportional to the number of lamps. If each 
lamp calls for 50 volts, and there are 20 lamps in 
seriesy the E.M.F. developed by the machine must be 
at least 1,000 volts, with an allowance for fall of 
potential due to the leads and branches. 

When a dynamo is running lamps in parallel its 
E.M.F. need only be high enough to run one lamp, 
with the usual allowance for resistance of leads. But 
its out-put of current must then be in proportion to the 
number of lamps; if one lamp takes a current of 10 
amperes, and there are 20 lamps, the current must be 
at least 200 amperes. 

The Series method of running is more economical. 

Arc lamps are in use— ^.^., Siemens' differential ; 
the Brokie-Pell — capable of giving a steady light with 
a current of only 4^ amperes, in series. These are 
chiefly employed for indoor lighting. The minimum 
E.M.F. to secure a clear arc is probably 30 volts — 
e,g,y the carbons will not separate, and produce the 
true arc with less. 

Regulation when running Arc Lamps in Series. — ^An 
amperemeter is always placed upon the circuit near 
to the dynamo, so that the attendant can see at a 
glance the current flowing. He is chiefly concerned 
in keeping the current constant. This is frequently 
done by switching in more or less resistance; into 



Digitized by 



Google 



ARC LAMP TRIMMING. 93 

the main circuit, if the dynamo be a series-wound one, 
and into the field magnet circuit if it be a shunt- 
wound machine ; but the shunt or compound wound 
machines are supposed to regulate themselves, which 
they very often fail to do. Changing the speed of the 
engine is more generally applicable to the regulation 
of constant potential circuits. There are several 
automatic constant current regulators, in use more or 
less eflBcient. 

Regulation when running Arc Lamps in Parallel. — 
A voltmeter showing the volts is in constant use 
across the leads, and under the eye of the attendant. 
His chief care is to keep the potential difference 
between the leads the same. This is usually effected 
in part by the dynamo itself, when a shunt-wound 
machine is used, or by regulating the speedy which 
has in most cases a direct control over the E.M.F. 

Arc Lamp Trimming.- 

Unsteadiness of the light is usually caused by small 
defects that are allowed to develop through the at- 
tendant not understanding his lamps. To work a 
lamp to the best advantage, especially if it be out of 
doors, exposed to wind and rain, calls for some little 
skill and familiarity with the mechanism of the lamp. 

When lamps bum unsatisfactorily, and the cause 
cannot be found in the regulating mechanism, it may 
be due to the carbons used being faulty, or to poor 
insulation of the leading wires, but more frequently to 
the current or pressure (E.M.F.) not being suitable to 
that particular lamp. To obviate this the maker of 
the lamp should always issue with it the necessary 
particulars of pressure and current at which it is in- 
tended to burn. But most arc lamps contain within 
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Fig. 28. 
Brockie-Pell Lamp. 



themselves mechanical balances, or 
other devices to enable the user to 
regulate them for himself, and to 
suit the pressure and current given 
by his dynamo. The carbons used 
must always correspond with the 
current, e.g., thick carbons for a 
large current and thin ones for a 
small current. The length of the 
arc is always regulated to suit the 
pressure. 

Fig. 2?i represents the working 
arrangements of the Brockie-Pell 
lamp, and Fig. 29 its external ap- 
pearance, encased ready for work.* 

As an example of the attention 
that must be given to arc lamps to 
run them successfully, we append a 
few working directions applicable 
to the Brockie-Pell Arc Lamp . — 

1. This lamp is regulated for a 
normal current of — amperes. 

2. The current used must not ex- 
ceed — . 

3. The current must not be less 
than — . 

4. To work at the maximum cur- 
rent ( — amperes) take off the lead 
weight on top of piston of dash-pot. 

5. To work with the minimum 
current ( — ampferes) fill the hollow 
piston with small shot. 

6. In fact, to work with small 

* For details see p. 218, ** Electric Light," 4th ed. 
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currents, add weight to piston ; to work with large 
currents subtract weight. 

7. The piston is easily removed by simply unscrew- 
ing the dash-pot from the base-plate of 
the lamp ; the plug at the top of piston 
unscrews, and the shot can then be 
added or taken out. Take care not to 
bend the piston link in unscrewing the 
plug, which may have become set fast. 
Put no oil on the working pivots or any 
other part of the lamp. On no account 
put liquid in the dash-pot ; this should 
be absolutely dry, and will keep in 
good working order for many months ; 
when it becomes too stiff simply wipe 
it out ; use no emery or other cleaning 
powder in this or any other part of the 
lamp. 

8. Before inserting new carbons 
always wipe the rack, or sliding-rod 
and guide-rods, with a piece of soft 
leather; attention to this simple rule 
will keep the lamp in good order, 
whilst neglect will probably soon cause 
the rack to stick. 

9. After the lamp is hung up, or fixed 
in position, see that the guide-rods 
have not become twisted ; if they have 
set them perpendicular with the centre- 
rack. 

10. To get the carbons exactly in line, and their 
points central with each other, insert the top cored 
carbon first, clamp it in the holder, and then observe 
if the point of the carbon naturally points to the centre 



Fig. 29. 

Brockie-Pell Lamp 

(encased). 
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of the lower carbon holder ; if not, unclamp the carbon, 
turn it round a little, and try again and again until it 
points fairly toward the centre, then insert the lower 
solid carbon, and adjust its point to the upper. 

11. To secure a good light the distance between 
the carbons when burning should not exceed T^ths 
of an inch, and Jth of an inch is quite enough for a 
lo-ampfere current. 

12. The wires from the machines must be connected 
to the terminals of the lamp that the upper, or positive, 
carbon bums hollow and much brighter than the nega- 
tive, or lower, carbon, which, on the other hand, burns 
to a slight point. 

13. The rule is to connect the positive wire of the 
machine to the uninsulated terminal of the lamp. 
Should the carbons bum so that the light is thrown 
upwards, the wires must be reversed at the machine. 
If the lamp goes out and relights itself frequently, 
or a pumping action of the regulator takes place, it is 
a sure sign of the current being too weak, or of the 
machine magnetism being unstable — the lamp will 
never have this pumping action unless the current is 
at fault. 

14. Should the lamp short-circuit itself by means of 
its automatic cut-out, the hand-switch must be used 
for relighting the lamp, unless it relights automati- 
cally. 

15. The electromotive force necessary for each lamp 
when in series is about 45 volts; if the lamps are 
worked in parallel the electromotive force must be at 
least 55 volts, and a resistance must be placed in each 
lamp circuit to reduce the current in the lamp to what 
is required. 

16. For parallel working on a — volt circuit this 
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lamp requires — ohms resistance in series with the 
lamp. 

Adjustment of Brush System Lamp, — The treat- 
ment of arc lamps in which glycerine is used, in either 
dash-pot or carbon-holder rods, or in both, is rather 
different from the foregoing. The " dash-pot " in an 
arc lamp is simply a small cylinder, fitted with a piston 
and piston rod, the function of which is to prevent 
jerky or sudden descent of the carbon rod. In many 
lamps merely the piston, acting upon the air within 
the cylinder, is employed. In others glycerine, or a 
mixture of glycerine and water, is used to modify the 
movements. In the Brush lamp the dash-pot has to 
be unhooked from the armature and unpinned at the 
top, and then half filled with a mixture of three parts 
of glycerine and one of water. There is an air-hole in 
the top which must be kept clear. In replacing the 
dash-pot it must be so adjusted in its position that 
when raised to its highest point it is quite free firom 
binding. The pin which secures the upper end of the 
piston rod must pass easily into its place, and must 
not bind in the hole in the rod itself. The piston 
rod must pass quite freely through the cover of the 
cylinder. 

The brass carbon rods are tubes which carry the 
upper carbons (in twin-carbon lamps) and are the 
most important parts of the lamps as regards cleanli- 
ness, the perfect working of the lamp depending upon 
the regularity with which they feed the carbons. 
They may work irregularly through any foreign 
matter being attached to them — oxidation, or gummed 
oil. The fault may be in the bushes through which 
they pass, or in the tilting washers or rings which 
raise them, or in the pistons within them which 

H 
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govern their fall, and prevent it from being too 
rapid. 

In cleaning carbon-holder rods in arc lamps any 
polishing powder, as bath brick or emery, must never 
be used. This rule will be found to apply to all these 
lamps, embracing most of the successful ones, in which 
the feeding is done on the upper carbon rod, or in 
which that rod depends for its centricity upon its 
fitting its bushes perfectly. 

The brass rods are merely wiped until bright with 
a piece of wash-leather and afterward polished dry. 
Oil is seldom or never used to lubricate the rodSy and 
most arc lamps will be thrown out of action if oiled at 
all. It will be found to clog the action and to impede 
the flow of the current to the rods, and it will get 
carbonised by the heat and dried up by the heated 
air. If oil be used a good deal of trouble is in store 
for the attendant upon arc lamps. These remarks 
apply more particularly to the brass carbon rods, al- 
though they are generally true of the other working 
parts. The interior of the carbon rods in Brush's 
lamp is usually cleaned by a kind of ram-rod, using 
upon its end a plug of tow or cotton. If the interior 
has become gummy through the glycerine thickening, 
boiling water may be used to clear out the tube. In 
cleaning the brass carbon rods of lamps it is neces- 
sary to handle them so that there is no risk of bending 
or scratching. In the carbon rods to which these in- 
structions apply a mixture of glycerine and water, as 
in the dash-pot, is used, the rod being filled when the 
piston is at the bottom. If the carbon rod on the 
positive side is correctly adjusted, it will gradually 
descend from top to bottom in the space of three 
minutes. The other rod takes a little longer. If the 
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rods descend too slowly the viscosity of the glycerine 
is too great and more water must be used. If too fast 
more glycerine must be added. The rods in this and 
every other arc lamp must work quite smoothly and 
have no tendency to "stick." In frosty weather it 
may be advisable, to prevent freezing, to add a little 
pure alcohol to the glycerine mixture. As received 
from the makers the carbon rods are usually filled 
with glycerine and ready for working, save that the 
plug screwed into the top, to prevent escape of the 
glycerine, has to be removed in order to allow of the 
plunger-rod being raised, so that it may be hooked on 
to its support in the chimney cap. The cap of the 
reservoir is not removed save when it is required to 
clean the latter. 

Fresh carbons are usually 12 in. in length. The 
upper rod is to be passed into its socket as far up as 
possible, and the lower carbon adjusted centrally to 
it, so that there is a space of at least \ in. between the 
two carbons. If the carbons are of equal diameters, as 
they usually are, the bottom one will have a length of 
6 in. only — ^the top carbon bums away twice as fast 
as the bottom. The proportions in length must be 
carefully observed, for if top carbons are too short in 
proportion to bottom carbons, the top will be burned 
away too soon, and fusing of its holder will probably 
ensue. The carbons must always be centrally in line 
with each other. 

Whenever it is necessary to put carbons in a lamp, or to 
adjust the lamp in any way^ or to handle it for any pur- 
posey the switch must first be used so as to turn the current 
off that lamp. 

If the lamp fails to light up on turning on current, 
see that the carbons are touching each other — ^they 
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must touch until the current begins to raise the upper 
carbon, on the establishment of the arc. If the auto- 
matic cut-out comes into play without apparent cause, 
examine the lamp to see whether the carbons are used 
up, or there is any obstruction to the free movement 
of the carbon rod. 

When the arc is too longy it will look particularly 
blue, and have a flaming, unsteady appearance, with 
dullness — this shows want of proper balance in the 
parts, and they should be so adjusted as to give 
greater weight to the upper carbon, so that the raising 
solinoid will not have so much influence upon it. 

When the arc is too short it will generally emit a 
hissing noise, indicating too high a temperature of 
the arc, and the light will be dull, chiefly through ob- 
struction of the downward rays from the upper carbon 
crater. This can be remedied by so balancing the 
carbon rod that the solinoid will exert an increased 
lifting effect upon it. This adjustment, for both long 
and short arc, is effected in the Brush lamp by a steel- 
adjusting spring, which can be set at any desired 
position. 

Arc lamps working upon alternating-current circuits 
must have careful adjustment for periodicity or phase 
of the alternating- current dynamo. 

Focussing arc lamps are generally fed with an upper 
carbon twice as thick as the lower. This is especially 
the case in such a lamp as the Brockie-Pell, when 
made focussing. The lower carbon in this case is 
raised by means of cord communicators by the 
descent of the upper carbon. Both carbons must thus 
be of the same lengfth, the difference in thickness 
being due to the positive (upper) carbon burning 
away the faster. 
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The diameters of ordinary carbons for general light- 
ing, with lamps taking about lo amperes at 45 volts, 
are from fths to fths in. These are lamps producing 
short arcs. For longer arc lamps, taking from 5 to 8 
amperes at an E.M.F. somewhat higher, smaller 
carbons are used. 

Arc Lamps in Series^ with Incandescent Lamps in 
Parallel.—This system is in use in a fei?v: pla*cei3 of ^ 
business, and even in street lighting, bufr,if h'ascpcDved '• 
itself one of the most troublesome sy5tems;yet>*cie4»: 
It is almost impossible to prevent t6e*fti<*uafioifc'*6f* 
the arc lamps from influencing the incandescent 
lamps. This implies short life to the latter. More- 
over, very few arc lamps can be thus inserted in a cir- 
cuit. Suppose the pressure to be 100 volts, only three, 
at most, arc lamps could be run in such a circuit. The 
supposed economy of the system has led electricians 
to devote a good deal of time and thought to the sub- 
ject. There are other fundamental defects in the 
system which cannot be entered upon here. 

The most successful method of wedding the arc 
with the incandescent lamp is no doubt the ordinary 
parallel system, with not more than two incandescent 
lamps in series parallel. Each arc lamp to be in 
parallel singly. It appears at first the more expen- 
sive, but that is a question that can only be answered 
by practical trial. The young electrician, in planning 
for the running of arc lamps in parallel with incan- 
descent lamps, must not forget that while his glow- 
lamps may at most only need an ampere each, the 
arc lamps will require a minimum of 5 amperes each 
— all of which considerations must be arranged for in 
the leading wires. 
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Arc Lighting Circuits. 

Running Leads, — ^The simplest case in which leads 
can be run is that in which a dynamo machine on the 
ground is to be connected to a lamp elevated on a 
pole. It is, indeed, only a few years since — about 
1880 — that this was the only way to produce an arc 
light ; each, l^imp had its own dynamo and pair of 
;lea(fe/:;^ti is we have observed, improvements in 
tjie lamps' a^nd* machines have put it in the power of 
;.thB,;e!^tfJ^i£yi.to run as many as fifty arc lamps in 
series upon a single machine, or as many as he can 
find current for in parallel across the leads. 

As may be expected, the insertion of a number of 
lamps upon the wires of a single dynamo, either in 
series or parallel, opens up practical questions of 
some little difficulty, and a great deal of trouble was 
encountered by the earlier experimenters in this 
direction. But most of the problems have been 
solved in the only satisfactory way — that of practical 
working, and the multiple series and multiple arc 
systems are now both pronounced successes. 

The leading wires or cables are usually of copper, 
although iron has been used in some cases for high- 
tension working. They are almost invariably in- 
sulated, either practically or in name only. A pro- 
perly insulated lead or cable will first be of tinned 
copper, covered by a sheath of pure india-rubber; 
then covered by a wrapping of india-rubber prepared 
tapey and, finally, a wrapping of tar-flax. The in- 
sulation may be carried much further than this, but, in 
either case, the wires so treated may be called insu- 
lated wires. The covered wires are merely covered, 
not insulated. They are usually of bare copper, with 
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a wrapping of cotton tape, previously prepared by 
passing it through some insulating liquid compound. 

It will be convenient to distinguish between the 
two by calling the india-rubber covered wire insulated 
leady and the cotton-covered wire covered lead only. 

Technically, a wire lead is a single wire conductor. 
A cable lead is a conductor formed of several stranded 
wires, known respectively as wires or cables. 

Insulation resistance is a point of much importance. 
It is usually expressed in terms of the meg-ohm 
(1,000,000 ohms) per mile. In tables the meg-ohm is 
frequently represented by the Greek letter 12. The 
insulation may vary from 150 meg-ohms for ordinary 
insulated cable to 5000 meg-ohms for heavily-insu- 
lated and vulcanised cable. For low tension work, 
to be lined on insulators, the covering insulation is 
usually neglected, or naked wire only is used. For 
work of low tension, not lined on insulators, but 
merely laid in wooden channels, &c., the insulation 
giving 150 meg-ohms is generally considered safe. 

For high tension work, not lined on insulators, the 
vulcanised rubber -covered cables are usually em- 
ployed, giving 5000 meg-ohms insulation resistance 
per mile. 

Mechanical protection is imparted to cables by 
hemp wrapping, wire braiding, or lead covering. 

For outdoor arc lighting work cables are used in 
preference to wires. A wire above No. 8 gauge is 
stiff and difficult to handle. A stranded cable of the 
same capacity is much more flexible. 

The legal gauge is now the recognised standard 
of measurement of wires in this country. It is very 
similar to the old Birmingham wire gauge, but is 
more complete, and affords a wider range. 
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In selecting the size of a cable consideration must 
be given first to the tension that is going to be main- 
tained in the circuit. The size of the cable will 
depend more upon this than upon any other considera- 
tion. Let us take two opposite and extreme cases : — 
(i) For a single lamp, run by a small dynamo, giving 
about 15 amperes at 50 volts, the usual size of cable 
employed in practical work is composed of seven 
No. 20 wires ; when the distance between the machine 
and lamp does not exceed 500 yards, or a total length 
of circuit of 1000 yards. Such a cable has a resist- 
ance of 6*175 ohms per mile. But the same cable 
will feed several lamps, if the electrical pressure in 
circuit be raised in proportion to the number of lamps. 
(2) Forty lamps are fed by a Brush dynamo through 
a cable composed of seven No. 16 wires, over a total 
length of a mile. The volts that can be afforded as 
loss in the cable will always determine its size. It 
is a question of cost of power and cost of cable. 
Theoretically, the larger the cable the better. 

The standards in the following table have been 
adopted by the India Rubber and Telegraph Works 
Company, whose cables are specially prepared to suit 
the various requirements of electric lighting work. 
The insulation consists of several classes, ranging 
within the insulation resistances per mile already 
mentioned. For all arc-lighting work in the neigh- 
bourhood of buildings, where the wire is apt to be 
handled, or to touch conductors, the cables should be 
insulated, whether run upon porcelain insulators or not. 

Ground leakage is the most troublesome opposing 
factor in the work of running an insulated arc lead for 
high tension. It can only be obviated by good in- 
sulation, either upon the cable itself or in the form ol 
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porcelain cups. Next to ground leakage, the danger 
of short'Circuiting is doubtless the most common. 
This latter is dangerous in two ways. Within a 
building a short circuit may cause afire^ by establishing 
an electric arc, or by heating a wire red hot near to 
woodwork. Outdoors it may bum up the armature 
of the dynamo and destroy the instruments. It may 
be remarked, in passing, that the use of special gear, 
flanges, &c., for the purpose of keeping a belt from 
slipping off" a dynamo pulley is not advisable in all 
classes of work. The slipping of the belt frequently 
saves the dynamo from destruction when a heavy load 
is thrown upon it by accidental short-circuiting. A 
short circuit is got when the naked leads touch each 
other. It more generally happens through both leads 
getting into conductive contact with metallic sub- 
stances, as girders or gas pipes. Ground leakage is 
generally due to wet or moisture conducting the 
current to earth. If the dynamo be well insulated, 
the tendency to ground leakage will not be so 
marked. The insulation of an outdoor line is gener- 
ally good in dry or frosty weather, and is more likely 
to become faulty in wet and stormy weather. 

Damages by lightning cause a great deal of trouble. 
During a thunderstorm outdoor leads generally give 
some indication of it in the dynamo room, and flashes 
will frequently be seen playing about the switch 
boards. This is usually obviated by a device called a 
lightning arrester or protector. It consists in many 
cases of two serrated plates (toothed plates are still 
more efficient) connected to the positive and negative 
leads, and so adjusted in a frame as to be face to face 
with a copper plate connected to a good earth plate, 
or other earth connection between them, very close 
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together, without touching. The tendency of lightning 
is to readily discharge itself from points and ridges 
across the shortest gap to earth. Fusion of armature 
coils is the usual result of a lightning discharge 
passing into the line and not finding "ground." 
Lightning arresters should be frequently examined, 
because they may be disabled by coming into use 
unknown to the at- 
tendant, or the ser- 
rated and earth plates 
may even be fused 
together. 

The well-known 
fact that a magnet 
will repel an arc from 
between its poles is 
the principle of the 
improved lightning 
protector used by the 
Thomson-Houston 
Company. The ap- 
paratus is repre- 
sented in Fig. 30, and 
consists of a power- 
ful electro magnet, 
the field of which is 

occupied by two metallic horns. A lightning stroke 
passing over the line to machine is arrested at this 
point and diverted to earth. 

The use of lightning arresters is now considered 
essential in connection with all outdoor arc lighting 
lines. 

Pole and Wall Insulators for the support of the 
leading wires are almost invariably of porcelain. For 




Fig. 30.— Lightning Arrester. 



Digitized by 



Google 



io8 



ARC LIGHT WIRING AND FITTING. 



out-of-door work, especially where good insulation is 
desirable, as when high-pressure currents are carried, 
Johnston & Phillips's fluid insulator, of the cup type, 
has proved itself one of the most eflicient yet tried. 
The insulator contains (Fig. 31) a small annular cup- 
space, containing a little resin oil, which adds enor- 
mously to the insu- 
lating power of the 
support. The insu- 
lators are filled with 
a little syphon (Fig. 
32). For very high 
tension work the in- 
sulator is made with 
two spaces for the 
insulating oil (Fig. 

33). 

Heavy arc light- 
ing leads are usually 
supported by inde- 
pendent insulators 
at each pole, the 
cable being severed, 
and, after being se- 
curely shackled off", 
reconnected electri- 
cally by a loop. In 
addition to these 
precautions, heavy leads — as main leads — are some- 
times borne upon a steel rope. 

This particular kind of work, known as " overhead 
line running," in which both earth and housetop 
poles are used, scarcely comes within the scope of 
our pages. We can only point out the more im- 




Fig. 31.— Fluid Insulator. 
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portant precautions to be taken in running leads for 
house lighting, and perhaps indicate the nature of 
the insulators and other adjuncts employed. 

Naked leads must in every case be carried upon 
insulators. They must not be hung so near to each 
other that by any accident they may come into 
contact. A space of nine inches is the usual minimum 
between them. The authorities of towns will not 
usually allow such leads to be carried across streets. 
In such case an insulating covering is always required. 





Fig. 32. — Syphon for filling Insulator. 



Fig. 33. — Fluid Insulator. Double tjrpe. 



Naked wires ot any kind should never be carried 
indoors, or near to any inflammable substance. 

Lightly insulated leads should be carried upon insu- 
lators. They are not quite safe when laid in wooden 
troughs, especially where there is any danger of the 
covering being abraded. If such a lead were to get a 
good chance of contact to earth a very little pressure 
or attrition would cause a short circuit. 

Properly insulated leads should be carried upon 
insulators, if practicable, outdoors. Indoors such 
wires may be laid in wooden troughs, run under 
cleats along flooring, and so forth, but should be kept 
away from damp walls or iron piping. The distance 
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between them if carried in cleats should never be 
less than 3 inches. Most fire-offices insist upon a 
greater separation. The rules recommended by the 
Institute of Electrical Engineers, given at p. 212, 
should be referred to on this point. 

Heavily-insulated leads may practically be laid any- 
where, so long as they are protected firom mechanical 
injury. They are frequently laid in wet trenches 
(some well-insulated cables are best laid in water) 





Fig. 34' Fig. 35. 

Wall Conduit Tube. 

and may be carried upon damp walls. The mechani- 
cally protected leads, having a wrapping of heavy 
tape over all, or an armour of steel wires, or a casing 
of lead, are adapted for main lead work, where large 
currents are carried. 

Danger due to Metallic Armour. — It may be pointed 
out that leading cables provided with metallic armour 
are frequently a source of danger, through the addi- 
tional risk of connection between core and sheath- 
ingi as it will be discerned that such a contingency is 
quite equivalent to uninsulating the whole cable. 

When a branch is taken off through a wall into a 
house the aperture must be made in the wall above 
the terminal insulator. A porcelain wall conduit-tube. 
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Figs. 34, 35, which represent the conduit in section 
and front elevation, and furnished with the fluid in- 
sulator, must be used in passing the lead through 
the wall. If there are two leads the pair must not 
pass through one tube, unless it be divided by an 
insulating partition. The wire is carried upwards to 
prevent rain and wet from following the surface into 
the wall. 

The apertures in partitions and interior walls must 
in every case be lined with either porcelain tubing or 
vulcanised rubber. 

In high-tension arc lighting within mills, stores, 
and so forth, the lead should always be exposed to 
view, and run upon insulators several — many offices 
insist upon 12 — inches apart. If a wire must be con- 
cealed it must be heavily insulated at that point. 

In low-tension working, as when the arc lamps are 
run in parallel with a pressure not exceeding 50 volts, 
the leads, if well insulated, may be run upon wood- 
work and fastened by wood cleats or leather loops. 

The making oi joints and splices will be found more 
particularly described in Chapter V., p. 190. Joints 
must be good mechanically^ so that their breaking 
strain is greater than that of the wire.* They must 
be made good electrically by soldering. Every joint 
must be heavily insulated after it is complete by a 
wrapping of prepared tape. 

Planning a System of Mains and Feeders. — An ad- 
mirable system of preliminar)^ planning in getting 
out a network of main leads, with the necessary 
feeders for keeping the potential equal at all points, 
comes from Berlin. The German Edison Company 
take a large frame or table, and make a clear plan 

* The ordinary telegraphic mechanical tension-resisting joints are fully 
described at p. 302 of »* Electric Light," 4th ed. 
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thereon of the streets, buildings, &c., to be covered by 
the system. The location of the cientral station is 
then marked, and two wires from a small battery run 
to it to represent the electric supply. From this point 
the main leads are all laid down in miniature, along 
the plan of the streets, and each group of lamps is 
represented by a wire resistance. Current is kept 
upon the system, and the drop of potential at each 
point carefully noted by galvanometer. Feeders are 
then run to equalise the potential, and by means of 
careful measurement every detail of the system can 
thus be ascertained. The model network is kept at 
hand, and as any alterations are required in the real 
net- work they are first made upon the model. This is 
of course much better than any possible paper-and- 
ink system of planning. 

English engineers generally get out their plans upon 
paper, marking off the lengths of cable and location of 
lamps, and calculating the carrying capacity of the 
main leads upon the basis of looo amperes per square 
inch sectional area of leading wire. These systems 
have, however, more particular reference to incandes- 
cent lighting, and the reader is referred to Chapter V. 
for rules and tables from which can be ascertained 
the best size of conductors to employ for any parti- 
cular installation, or number of lamps, at various dis- 
tances, with various losses upon resistance. 

Transformers or Converters. 

The fundamental conception of the modem trans- 
formers is represented diagramatically in Fig. 36, 
where D is a dynamo, in whose circuit the primary 
coil P is placed. The electromotive force in this 
circuit is supposed to be high, say 1,000 volts. S 
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represents a secondary coil wound in contiguity to p, 
but insulated therefrom and in no way communica- 
ting except by induction. In the circuit of S are the 
lamps, arranged in the usual parallel way. The dia- 





Fig. 36.— Diagram of Transfonner. 

gram shows two lamps in series. P S is then the 
transformer, the function of which is to convert the 
1000 volt E M F to, say, 100 volts. In a practical 
transformer a core system of soft iron would occupy 

K>1 




Fig. 37.— Diagram of Transfonners in Series. 

the centre of the two coils. In Fig. 37, where the 
transformer is symbolised by an iron bar with pri- 
mary and secondary coils, the conception of running 
converters in series is represented, each transformer 
feeding its own lamps. 

I 
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The Working of Transformers. — Transformers are 
run upon alternating current circuits. Their employ- 
ment is essential when a high electromotive force is 
put upon the main leads. The common voltage of the 
alternating currents is seldom less than looo. For 
use within buildings, or for arc lights, this pressure 
is reduced by a transformer to 50 or 100 volts, as the 
case may require. In practice engineers always em- 
ploy as small a transformer as possible. The use of a 
transformer that is too large causes great waste ot 
power. For this reason transformers are now made 
in many sizes, to feed from lo to 100 lamps. 

The construction of the transformer or converter 
cannot be treated in these pages ; it is amply dealt 
with in descriptive works on electric lighting. Fig. 
38, however, represents the external appearance of a 
Thomson-Houston transformer, where the heavily- 
insulated cables represent the high tension primary- 
coil, and the lightly-insulated wires the 100 volt 
house circuit. 

The nature of the induction coil is too well known 
to call for any description here. A transformer is a 
slightly improved induction coil, built to take a large 
current, and in a compact form. The make-and- 
break contact and the condenser of the inductorium 
are absent from the transformer, since alternating 
currents are used in the primary. 

Arc and incandescent lamps are frequently run off 
the same transformer. In some cases two arc lamps 
are inserted in series across the mains. This sys- 
tem is bad and troublesome. The lamps will prob- 
ably be unsteady, and if one goes out the other 
must follow. One lamp across the mains, steadied 
by an impedance coil, will be found much more 
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satisfactory. Before proceeding, let us examine the 
nature of 

Impedance and Choking Coils. — Choking coils are 
used in connection with alternating currents, and 
consist of inductive resistances in the shape of coils of 
closely-wound copper-wire, the effect being much 







mm 



liillliy 



Fig. 38. — Thomson-Houston Transformer. 

increased by the presence of iron within the coil, and 
greatest when that iron forms a short, closed magnetic 
circuit. The object of such a coil is to obstruct or 
choke any initial E M F without the loss of power which 
an ordinary resistance would entail ; and in connec- 
tion with alternating arc lamps choking coils are em- 
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ployed exactly as resistances are used when running 
lamps in parallel; with this advantage, that, if well 
constructed, a much smaller loss of energy takes 
place ; moreover, should the lamp get short circuited, 
the consequent increase of current is much less than if 
the ordinary resistance is employed, as the self induc- 
tion of the coil increases with the current, and so 
retards or obstructs the E M F, and therefore the 
current does not rise so high. 

Such coils are usually too bulky to be placed in the 
lamp itself, and are placed in any convenient part of 
the circuit. 

The higher the periodicity the smaller the coil may 
be made, so much so that at every high periodicity the 
coils of the lamp itself may form an inductive resist- 
ance sufficient to enable the lamps to be worked in 
parallel without any other outside resistance. 

Impedance coils are generally considered identical 
with choking coils, simply a difference of name, but 
the term would be more suitable for the inductive 
resistance sometimes used in running arc lamps in 
parallel on continuous current circuits. The chief 
advantage of such coils is to prevent the great de- 
velopment of current in an arc circuit at the moment 
of completing it, thus preventing the violent action of 
the regulating mechanism of the lamp, and which 
causes much of the pumping of arc lamps when 
worked in parallel. 

The resistance in ohms of a fairly constructed 
choking coil would be about one-twentieth of an 
ordinary resistance having the same reducing result 
of current, with a given E M F ; but a much wider 
difference can be obtained if the magnetic circuit is 
made very low, or the periodicity very high. 
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If the loo-volt pressure, usual in this country, be 
employed, a ** choking coil " will have to be inserted 
in that bridging wire to feed the lamp at the proper 
pressure. It is a very general practice on constant 
current parallel circuits to use a " choking coil," even 
with single lamps, across the leads. The resistance 
due to the choking or impedance coil generally causes 
a damming back of from lo to 15 volts in the pressure. 
Although better results are thus obtained than by 
merely inserting the lamp alone, it leads to consider- 
able waste where a number of arcs are burned upon a 
circuit. One great advantage of the alternating cur- 
rent is the avoidance of much of this loss. When 
arcs are used the lamps can in most cases, on 50-volt 
circuits, be inserted direct along with a small impe- 
dance coil. On a loo-volt circuit a loss by the reason 
of " choking coil " is inevitable, but an impedance coil 
fortunately uses much less energy than a resistance. 

The following are the resistances of the coils used 
with the Brockie-Pell arc lamps for parallel working : 
In constant circuits J, i, ij, and 2 ohms, mounted in 
a frame or cylindrical case, the various resistances 
being adapted to various pressures. Impedance coils 
for alternating current working are adjusted on the 
spot imtil the necessary steadying effect is obtained. 
They are usually fitted in a separate case near to the 
lamp. We understand that Mr. Brockie is sanguine 
of being able to so arrange the circuits of his lamp as 
to obviate the necessity for the employment of im- 
pedance coils. 

While 50 volts is usually called for by an arc lamp 
upon a constant current circuit, from 35 to 45 volts is 
found to give an equally satisfactory arc upon alter- 
nating current circuits. 
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^^ Singing*' of the Alternating Arc. — Alternating 
current arc lamps usually emit a humming noise, 
rendering them unfit for indoor lighting, unless in a 
very wide and high space. 

It may be worth while to note that the alternating 
current arc, since it does not produce a crater in 
the top carbon, casting the light powerfully down- 
wards, always needs to be covered by a superior re- 
flector. 

Location of Transformer. — Where it is at all prac- 
ticable the transformer should be kept outside a 
building, but must be protected from wet or damp. 
It should be fixed in a fire-proof place. It may be 
explained to those not familiar with transformers that 
they are usually rather dangerous pieces of apparatus, 
from two causes. They are always used where very 
high-tension currents are employed, and form a kind 
of terminus to those currents from the generating 
station. Hence a transformer should not be handled 
by an inexperienced person. In addition to this 
transformers always become warm, and sometimes 
hot, by reason of the continuous reversals of current 
through them, or to what theorists have called " mag- 
netic hysteresis." This heat should not rise above 
150° F., but it sometimes, owing to faulty construction 
or other defect, rises much higher, and the transformer 
may possibly get hot enough to char dry wood. In 
addition to these undesirable attributes a transformer 
frequently emits a singing noise, or is seldom or never 
quite silent when the current is on. 

Transformers are usually placed in cellars, through 
the want of any accommodation elsewhere. In such 
cases they should be mounted upon iron brackets, at 
a distance of not less than 12 inches from any wall, 
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and as far as possible from any inflammable sub- 
stance. The terminals and high-tension wires should 
be guarded from any accidental personal contact. In 
the case of the transformer being supplied from street 
mains, a double cut-out switch should always be 
located outside the building as well as within, for use 
in case of fire or other contingency. 

A new transformer that will not act will probably 
be found to be damp. The most ready means of 
drying is to pass a pretty strong current through it 
for some hours. It is usual to connect the framework 
and all the iron portions to earth. This precaution 
will earth any leakage from coils to core, and render 
the transformer comparatively safe when touched by 
the hand. In some instances iron cases, providing 
ample room, are furnished for transformers, especially 
for outdoor work. 

In America it is common to see the transformer 
belonging to a building fixed Upon the street line 
wire pole opposite. 

Transformers in Parallel and Series, — For parallel 
working of the transformers pressure must be kept 
constant in the primary wire. It is very unusual 
to put more than one transformer across the mains. 
For series working the current must be maintained 
uniform. 

In practice it is found that in series working it is 
not advisable to leave the secondary circuit open. It 
is therefore a general practice to short-circuit it when 
idle. Series working is rather rare. On the other 
hand the secondary should never be short-circuited in 
parallel working. It is generally open-circuited by 
the simple operation of switching off the lamps. 

The usual loss of pressure in a house transformer is 
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very generally as high as 2^ per cent, of the pressure 
supplied to the house circuits. It depends, however, 
upon the efficiency of the transformer. Some trans- 
formers exhibit an efficiency as high as 95 per cent., 
others as low as 50 per cent. 

Main Safety Fuses far Transformers. — ^A double 
fuse capable of carrying the fiill current suppljring the 
transformer is inserted in the branch leading from the 
mains to the house. In addition to this it is usual to 
put the secondary circuit to earth. Any accidental 
contact, then, between primary and secondary would 
not convey the high pressure current into the house 
wires. The short circuit so formed would fiise the cut- 
out and stop the supply. This is considered a perfectly 
safe plan. 

Necessity of opening Primary Circuit when Lamps are 
idle, — Recent experience has shown that a good deal 
of loss is incurred by the generating station on ac- 
coimt of transformers left in parallel across the mains 
during the hours of idleness. It would be similar to 
a leakage of gas from a gasmeter if the service cock 
were not turned off during the day. Owing to this 
there is a very general movement towards getting into 
working form a system of opening the main cir- 
cuit to a house when the lamps are switched off. It 
may, of course, be effected by an automatic switch, but 
it is far more likely that a hand switch will prove the 
more reliable. The electricity user will be expected 
to do this for himself, and will no doubt attend to it, 
if the supply meter be upon the primary circuit of the 
transformer. 

Meters for Recording Electricity Supply. — ^Theuse of 
meters is now general. The construction of each kind 
may be studied in a work descriptive of such appara- 
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tus, and does not concern us here. The electricity 
meter is usually fixed near to the transformer, when 
a transformer is used. It is merely put in circuit ; 
or — on the three-wire system, when Edison's three- 
wire meter is used — in circuit of the three wires. 
The use and " reading " of each meter calls for 
a special description, which generally accompanies 
the instrument, and cannot be treated in these pages. 
"Station meters" are recorders of a larger kind, 
for indicating the total current passing out of a supply 
station ; or each main may have its own indicator. 
The station meter is a check upon a large number of 
house recorders. In connecting meters the leading 
wires should not be carried around them (so as to 
encircle the meter), or in any way so disposed that 
any inductive effect may disturb the working of the 
meter. 

House Main Switch-hoard. — In addition to the 
various hand switches, fitted to, or in connection with, 
single lamps, or groups of lamps, it is convenient 
to provide main switches for controlling each cir- 
cuit. The "main leads" terminate here — that is the 
leads either from a transformer or from the street 
mains direct. The several circuits are so arranged 
that all their positive and negative wires may be put 
in contact with the positive and negative poles of the 
leads, so as to distribute the current between them. 
Any circuit not in use may then be switched off. 
Double-pole switches should, if possible, be used. By 
means of this method of working any danger from 
idle circuits is obviated. Such a switch-board in a 
theatre is in constant use during the performance. In 
small installations, where the number of lamps does 
not exceed 50, such a switch-board will not be 
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required unless the 50 lamps be put upon more than 
one circuit, an unusual and unnecessary practice, 
considered electrically. The conveniences of such 




Fiff* 39* — Dynamo Room Switch-board for Accumulators. 



a system ol switching are in many cases very con- 
siderable. 

Dynamo-Room Switchboard, — Most of the private 
installations fitted up in banks and offices — as at the 
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Bank of England — are provided With accumulators. 
For the regulating of such plants Messrs. Drake and 
Gorham have designed the form of switchboard 
represented in Fig. 39, which is fitted with a " Steel- 
yard" ampfere meter, and Ring contact switches 
(see p. 151) for controlling the number of cells in 
action. The diagram is self-explanatory. 



Digitized by 



Google 



CHAPTER V. 

WIRING FOR INCANDESCENT LAMPS. 

When a building is to be wired for incandescent 
lighting several leading questions arise, (i) The 
number of lights required ; (2) the power of the lamps, 
8, 10, 16, or 20 candle power, as the case 'may be ; (3) 
the number of circuits required — when there is not 
more than 50 lamps one circuit may be made to serve, 
unless more than one is desired by the owner of the 
building for convenience in switching off; (4) the 
volts [e.g.^ electrical pressure) required to run the 
lamps ; (5) the amperes (current) to be consumed by 
the lamps ; (6) the lengfths of the wires, their sizes, re- 
sistances, &c. ; (7) the volts to be "lost in the wires*' 
(fall of potential due to the resistance of the wires). 

The answers to these questions will not be invariably 
th e same. They will depend upon some of the following 
conditions : — 

Whether the [lights are to be run off a private 
dynamo, selected for the purpose, with or without an 
accumulator. 

Whether they are to be run off street mains kept 
charged by a public supply company. 

It may also modify the case whether continuous or 
alternating currents are employed. 

The use of arc lamps, as in a shop, where the inte- 
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rior is lighted by incandescence and the outside by a 
few arc lamps, may also have to be provided for. 

Private house wiring calls for the minimum of pre- 
liminary calculation, shops and oflBces for greater 
care, whilst theatre lighting is perhaps the most 
difficult of any to scheme. 

The practical carrying out of the wiring itself is 
only to be effected upon one plan, as regards quality 
of the work, that is, the best possible method accord- 
ing to present knowledge. 

The number of lights will be approximately as the 
number of gas jets of i6 candle gas that would be 
required, and should in every case be ample for the 
purpose. 

The System of Wiring. 

Parallel^ or ^^ Multiple Arc." — ^A great deal of the 
best lighting in this country has been carried out upon 
the parallel system. It is very convenient. It is 
easily understood, and it is a very safe system. 

The simplest idea of the parallel system that can be 
given is represented in Fig. 40, where D is a dynamo, 




Fig. 40.— Diagram of the Parallel System. 

or other electric source (it may be the mains from a 
lighting station or an accumulator). Two wires are 
led from the + and — (positive and negative) poles. 
They are kept apart, and are insulated. The lamps 
to be fed are then connected to the mains with insu- 
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lated wires, as shown. The current divides itself 
between the lamps, lighting each and every lamp 
with equal effect. But if too many lamps are put 
across the mains a fault will soon be apparent. Those 
near to the d3mamo will get too much electricity, and 
those at the far end too little. The lamps nearest to 
the dynamo will thus be abnormally bright, and will, 
soon be worn out, while the distant lamps will have 
the appearance described as similar to a "red-hot 
hair-pin," giving insufficient light. 

This falling-off in the light given by the distant 
lamps will only be felt if the two main wires are very 
long. In practice the two main wires would not be 
connected to the d3mamo as shown unless a few lamps 
only were to be run from them. If there were fifty 
lamps upon the wires, arranged as shown in the dia- 
gram, the distant lamps would certainly not be so 
bright as the nearer lamps. If there were loo lamps 
the far lamps would be very indifferently lighted, and 
in this way the force would be drawn away from the 
mains until a point would be reached at which little 
or no electricity would be present to cross from one 
main to the other. This defect would be obviated by 
connecting the dynamo to the central portion of the 
wires, not to their ends. If 20 lamps could be run 
off a pair of mains, as represented in the diagram, 
40 could be lighted equally well by simply discon- 
necting the dynamo from the extremities, and con- 
necting it to any point near the middle of the line 
of lamps. 

If there were still a larger number of lamps, and 
the distant lights showed insufficient current, branch 
leading wires from the mains or feeders would be 
led, as represented in Fig. 41, which is the distributing 
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system first introduced by Mr. Edison. In this way 
every lamp will burn equally bright. If even half the 
lamps be turned out the other half will not perceptibly 
brighten up. The turning off of any lamp will not 
affect the lights in the next room. The question of 
street mains and feeders does not concern us here, 
but it may be as well to bear in mind that the distri- 
bution of electricity within a building is dependent 
upon precisely the same conditions. Although mains 




Fig. 41. — Diagram explaining the Use of Feeders. 



axiA feeders y as such, may not have to be arranged for, 
yet the electrical "pressure"* must be effectually 
equalised. 

Fall of Potential or " Pressure," — Let us examine 
this a little further. It is a well-known fact that if 
the two mains led from the poles of a dynamo, as in 
the diagram (Fig. 40), be very long, the electrical 
pressure between them will fall off in proportion to 

♦ The word pressure is not strictly correct as applied to electricity, but 
so many practical electricians (many of them well-known authorities) use it 
and it is so easily grasped, in its analogy, that we make no scruple to 
employ it in these notes, addressed as they are to practical wiresmen. 
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their length, if the lamps be equally distributed. If 
the lamps be grouped at certain points it will be 
more apparent at these points. 

Fig. 42 and Fig. 43 are two familiar cases. The 
first shows a gas-pipe carrying a moderate pressure 
of gas, M M'. The first burner will receive the most 
gas, and the last the least. No two burners will be 
exactly alike. The second diagram represents a 

^^' ^ 3 4 5 3 7 e 9^ 

Fig. 42.— Diagram Showing Fall of Pressure. 
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Fig. 43.— Diagram Relating to Fall of Potential. 

dynamo, the positive (or " feeding ") pole of which is 
connected to a long main. If the electrical pressure is 
represented by the line a b^ it may be conceived to fall 
off gradually as the distance is increased, as shown by 
the sloping line. This fact applies to all circuits. In 
the diagram the return half of the current is repre- 
sented as flowing back by the earth, as in telegraphy, 
by the means of earth contact plates. The earth is 
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generally regarded as presenting no resistance to the 
current similar to that offered by a wire, but it is 
seldom or never used in electric lightings on account 
of other considerations explained further on. 

This fall or drop of potential or ** pressure" is due, 
in the first place, to the resistance of the circuit. The 
greater this resistance the greater the fall of pressure. 
Again, with a given resistance of wires the pressure 
falls off in proportion as we increase the current. 
This is the varying pressure that must be met, as ex- 
plained in Chapter I., p. 27, by increasing the pres- 
sure at the dynamo. A certain fall is due also to 
leakage. 

In plain words, the resistance causes a loss of work- 
ing power, and the switching on of more lamps also 
causes a fall of pressure. The loss due to resistance 
is great or small according as the wires are small or 
large, or long or short. A wire of a certain gauge, 
100 feet long, will incur a loss of pressure just twice 
that due to a wire 50 feet long. A wire of a given 
sectional area will incur twice the loss due to a wire of 
dotible the sectional area. In circuits where the wires are 
of even thickness, and the lamps equally distributed, 
the fall of potential will be even. In others, where 
the sizes of the wires vary, or the lamps are unevenly 
distributed, the fall of potential will be greatest 
where the wire is thinnest and where there are most 
lamps.* 

A certain loss in leading the ciurent to the lamps 
is imavoidable. Practical men know fairly well how 
much loss they can afford. The thicker and shorter the 

♦ To enable the reader to fully grasp this part of the subject, careful 
study of the laws- of the circuit may be said to be essential. A simple 
enunciation of Ohm's law, bearing upon this question, is given under 
** Estimation of the Electrical Power," farther on (p. 184). 

K 
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wire the smaller the loss. Wires are selected to keep 
this loss down to two and a half per cent, of the total. 
A practical wiresman will say that he loses 5 volts 
from dynamo to lamps — that is, 2\ volts in the main 
leading to the building and 2\ volts in the lamp cir- 
cuits. To run 100 volt lamps his dynamo must yield 
at least 105 volts. \\ per cent, of this will probably 
be due to the resistance of the " leading " wires, and 
\\ per cent, to that of the ^^ return*' wires. 

The leading wire, or briefly " lead," is usually that 
representing the positive terminal of the d3mamo, 
sometimes called the positive or feeding wire. The 
return wire is that leading to the negative terminal 
of the dynamo, called briefly the " return " or negative 
wire. 

If the above 105 volts be absorbed in lighting the 
circuits of lamps, 100 volts will be lost in the lamps 
themselves. 

The proportional fall of potential (the volts lost) 
is less and less as the pressxire in the circuit is 
increased; but the highest safe pressure for use in 
houses is not above 200 volts, and lamps are not con- 
structed for ordinary candle powers taking so much 
pressure as this. Thus, while a No. 1 6 wire can be 
made to safely and economically carry six lamps, 
requiring a pressure of 100 volts, the same wire would 
not be used for more than four lamps requiring 50 volts 
only. These facts will, however, be better under- 
stood by rules for calculations given further on. 

The Series Multiple Method. — ^The great advantages 
of the parallel system we have just spoken of are that 
each lamp is independent, and that a safe pressure 
can be maintained on the wires. Thus the breakage 
of any lamp, or the switching of it off has no effect 
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Upon adjacent lamps. But the economy in conductors 
and energy to be derived from the use of higher 
potentials has brought into use a system of connecting 
more than one lamp on a wire between the mains 
(Fig. 44). It is usual to connect two lamps in this 
way, and sometimes three or more. The diagram 
represents a pair of mains with a pressure of 200 volts, 
and shows that four 50-volt lamps may be arranged 
upon them in series, or two loo-volt lamps. The 
great disadvantage of this plan is the certainty 
that if one lamp should break or be switched off, 
the other must also cease to bum. It is true that 




50 VoltLamps 



200 Volts 



lOOVolt 




Fig. 44. — Diagram of Series Multiple Circuit. 

this fault of the system has been combatted by an 
electro-magnetic switch, which keeps the circuit 
open, or provides a by-path for the current in the 
event of a stoppage of one of the lamps. But the 
use of such apparatus complicates the case very 
greatly, and introduces other troubles, the worst of 
which is the risk of fire. Besides these disadvantages, 
where this system is in use there is no saving of 
energy when half the lamps are switched off, because 
the magnetic switch has to insert a resistance into 
the circuit as great as that of the supposed broken 
lamp. 
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The multiple series system is used chiefly for large 
groups of lights, as in shops or theatres, where all the 
lights are required together. A useful and convenient 
combination of the parallel and series parallel maybe 
made by bridging the main leads with two lamps in 
series as in the diagram. Thus, if the ordinary parallel 
lamps in the building are lOO-volt lamps, the light at 
any point may be split into two separate portions by 
using two 50-volt lamps in series. As a matter of 
course, if one of the lamps should fail, the other upon 
that bridging wire will cease to bum. One switch 
serves for both lamps. 

The Three- Wire System. — This is a system that has 
been brought into use more especially for main dis- 
tribution work. It is chiefly employed for street 
mains. It may occasionally be utilised in large 
buildings. But for general wiring the three-wire 
system is not necessary. 

Its main object is to effect a saving of copper con- 
ductor, and as this saving is very large the three wire 
system is coming into favour. The practical wiresman 
may have something to do with the system, if not in 
wiring a building, yet in making connections to it, and 
it may be well to briefly examine it. In the three- wire 
system the volts used are twice that employed on any 
parallel two-wire system, and the current (amperes) 
is only one half that used in common parallel. 

In the working of the three-wire system two d3ma- 
mos are used, connected to three conductors, as in 
Fig. 45. The d3mamos are joined in series, and the 
central wire would therefore appear to be an idle 
wire. But when lamps are connected in the system 
they should bridge from negative wire to centre and 
from positive wire to centre, alternately, as repre- 
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sented. The inventor in this country (Dr. J. Hop- 
kinson, F.R.S.), however, intends his three-wire plan 
to apply to alternate houses in a street. The central 
wire may be of much smaller section than either of 
the other two, as it has only to carry the difference 
of current between the two divisions of consumers, 
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Fig. 45. — ^Diagram of the Three- wire System. 

and is frequently an earthed conductor — ^that is, unin- 
sulated ; but this latter plan is not resorted to unless 
the two divisions of consumers require an approxi- 
mately equal supply. 

While the three-wire mains carry a current at, say, 
200 volts, only 100 volts enter the houses when 
connected as shown. Therein lies the advantage of 
the system in respect to ordinary house wiring. 
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Series System. — ^This system of wiring is seldom 
used. Indeed, it is quite impracticable when carried 
further than a few lamps. It will be observed from the 
diagram. Fig. 46, that the lamps are merely connected 
one after the other, the whole of the current passing 
through every lamp. A line of 50 lamps thus con- 




Fig. 46. — Diagram of the Series Method. 

nected, if each lamp used 100 volts, would call for a 
pressure of 5000 volts. The system has merely been 
experimental, and it presents the very great dis- 
advantage that a failure of any lamp breaks the 
circuit. 

Multiple Series. — This is a more practicable de- 
velopment of the same idea as that just described. It 
is frequently employed when arc lamps are to be run 
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Fig. 47. — Diagram of the Multiple Series Method. 

in connection with incandescent lamps. Fig. 47 re- 
presents the arrangement diagrammatically. It will 
be noticed that if one or two lamps should break in this 
system, the circuit would not be interrupted. The 
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Other lamps in that group would become much 
brighter, consequent upon their having to pass on the 
same current as was before carried by a greater 
number. All the lamps in one group must be 100- volt 
or 50 -volt lamps, as the case may be. If the lamps 
are all of equal voltage, the number in each group 
should be the same. 

In this system the current must be kept constant, 
and a series- wound dynamo is generally used. The 
current will vary as the number of lamps, and the 
pressure as the number of groups upon the circuit. 
Hence, if the number of lamps varies, the current 
must be increased or diminished to correspond. It 
the number of groups varies, the pressure must be 
adjusted in proportion. In the diagram the circles 
represent incandescent lamps ; but if it be required to 
burn an arc lamp, it can be effected by inserting it in 
place of one of the incandescent lamps. Thus the arc 
and incandescent lamps are run upon this system in 
parallel. The arc lamp will of course take a great 
deal more current than the incandescent lamp, and 
may replace several of these in a group, or even a 
whole group. Arc lamps to run on series parallel wires 
must be furnished with automatic cut-out or by-pass, 
so that the current is not interrupted on a failure of 
the arc. Only differentially (shunt) governed lamps 
should be used. The running of the system calls 
for considerable care on the part of designer and 
attendant, and an impedance coil is required. 

Working Off Transformers. — The diagrams (Figs. 
48 and 49) represent the usual arrangement of run- 
ning parallel circuits off convertors, alternating cur- 
rents being employed. The diagrams are self-ex- 
planatory. 
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Lamps in Parallel. — ^In Figs. 50 and 51 (p. 138), D 
represents the continuous current dynamo, M S, main 
switch and fuses, S, switches and branch fuses, L, lamps 
run in groups upon branches from the mains. 

Other Systems. — Several others have been tried. 
Most of them have never merged from the experi- 
mental stage. Broadly speaking, there is one system 
used for the running of incandescent lamps — parallel 



House 
Circuit. 




Fig. 48 — Diagram of Transformers in Parallel. 

or multiple arc — and although for special purposes one 
or other of the different systems spoken of in these 
pages are occasionally used, the parallel plan seems 
likely to hold its position as the first, simplest, and 
best. 

Selection of a System. 

Alternating v. Contimwus Currents. — Considerable 
experience in this country of both systems does not 
appear to show that one system has any advantages 
over the other. There is a certain wastage of the 
carbon filament of lamps in both cases. The wastage 
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is impartial with the alternating currents — it appears 
to occur equally over the length of the filament. With 
the continuous current it is partial to the positive con- 
nection of the lamp, and this end of the filament waxes 
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Fig. 49.— Diagram of Transformers in Parallel. 

thinner than the other — the final rupture usually- 
occurring at the end joined to the positive lead. 

When lamps are run off street mains, and a trans- 
former is used, the alternating currents are always 
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employed. When the street mains convey continuous 




Fig. 50.— Diagram of the Parallel System of Wiring. 

currents, the same currents are always used in the 
houses. When lamps are run oflF an accumulator 
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P'g' 51.— Diagram of Parallel Wiring. 

continuous currents are employed. When they are 
run off a dynamo direct the currents may be either 
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continuous or alternating, according to the nature 
of the machine. The balance of opinion appears 
to favour alternating currents for incandescent 
lamps. 

Parallel or Parallel-Series. — If the voltage of the 
street main be 100 it is the general custom to use the 
ordinary parallel system with one lamp across the 
main wires, as already explained. If the current 
entering the house have a potential of 200 volts, it is 
common to put two such loo-volt lamps across the 
wires, in series, as shown in the diagram given on 
p. 131. It is not advisable or usual to put more than 
two lamps in series in houses. If it be desired, 
50-volt lamps can be run in pairs in series across 
wires at 100 volts. 

When a Dynamo is Used. — In isolated plants it may 
be said that it is scarcely sufficient to rely entirely 
upon the dynamo. It is much more satisfactory to 
couple with it an accumulator. If 50-volt lamps be em- 
ployed, 26 cells of accumulators will be required. The 
number of lamps such a battery will run will depend 
upon the size of the cells. Taking each lamp roughly 
at I ampfere, it will depend upon the current in 
ampferes evolved by the cell at an economical rate of 
discharge. The rate of discharge being estimated 
at about 4 amperes per positive plate of the large " L " 
type of E.P.S. cell (p. 46), the total discharge is 
equal to 50 ampere hours per positive plate, so that 
each positive plate would discharge about 4 ampferes 
for 12 hours. There being 7 plates the total dis- 
charge will be from 25 to 30 ampferes. Hence, from 
25 to 30 lamps, taking approximately an ampfere 
each, can be run from the battery we have sup- 
posed. In estimating the number of cells required 
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for lamps of odd voltages, divide the number of 
volts by 2, and add two cells as "reserve " (p. 51).* 

The continuous-current d3mamo must 3deld a cur- 
rent of sufficient strength to charge the accumulator. 
Further instructions will be found at p. 45. 

An alternating current dynamo in an isolated plant 
will work direct on to the lamp circuits. There is 
this little advantage in the alternating dynamo, it is 
less liable to faults of conduction. Having no com- 
mutator or commutator brushes, breakdowns are 
much less frequent. 

In making suggestions for selecting a system of 
working it is impossible to enumerate in a book all the 
possible variations from the fundamental rules already 
laid down. The reader must carefully consider his 
ground. In wiring houses for lighting from street 
mains the system and voltage are already there. He 
has only to lay his circuits, and choose his lamps to 
suit. In selecting an isolated plant, or a ship plant, 
he will be led by the requirements of each case ; the 
balance of opinion is in favour of having an accu- 
mulator in reserve, especially in house lighting. 
Theatres are lighted both without and with accumu- 
lators. If they are not used, ample spare machinery 
should be provided in case of emergency, and in either 
case the circuits are frequently laid in duplicate, one 
set being kept in reserve; this latter precaution 
applies especially to the auditorium. 

Planning of Circuits. 

Broadly speaking, an installation of 100 lamps 
should be divided into at least two circuits. In many 

♦ To understand the grouping of the accumulator cells a knowledge of 
the laws of the voltaic circuit is essential, for which see a good text-book. 
In simple cases the figures given by the makers of the cells are ample. 
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cases 50 lamps is too large a number to place upon 
a single pair of wires. The result will be more satis- 
factory, in respect of the electrical distribution, if 
three or more circuits are planned for. 

Low voltage work — 50 volts and under — is unusual 
in this country; 100- volt lamps are the rule. When 
the wire section is not restricted high voltage circuits 
will carry a greater number of lamps than circuits 
with only 50 volts. 

The Distributing Box System, — According to this 
plan of arranging the wires all the switches (save in- 





Fig. 52.— Diagram of Closed Loop, Parallel System. 

dividual lamp switches) and safety fuses, or cut-outs, 
are placed upon a general switch-board, to which the 
mains from the dynamo are attached. 

This switch-board is usually enclosed, under lock 
and key, and is called a " distributing box." From 
this point radiate all the circuits, with safety fuses at 
their roots, also double cut-out switches. The safety 
fuses should be fitted to both negative and positive 
wires. On the alternating current system there is no 
negative and no positive wire. Each wire becomes 
a — and a + pole many times in a second. American 
wiresmen call this box a " closet." 
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Before entering upon the uses of cut-outs, fuses, and 
so forth, it may be as well to point out that there is a 
certain advantage in some cases in locating all the 
accessories of the circuits at one point. It appears 
especially suitable to hotels and large institutions. 
On the other hand, it has its disadvantages. 

Closed Loop Circuit. — Lamps are very frequently put 
in a closed loop circuit, as in Fig. 52. In this case it 
will be found most advantageous to connect as shown, 
or if the loop be large, to connect feeders from oppo- 
site sides. 

The Tree System.— 'Pvoiessot Forbes * has given the 
name " tree system " to the plan represented in the 
diagram Fig. 53. Here we have the connections to 
the mains — street or dynamo — with " main fuses " and 
key switches — at the root of the tree. Thence lead a 
pair of sub-mains, forming its stem, throughout the 
main length and breadth of the building. From them 
spring " branches ** or room circuits, and from these 
" twigs " or single lamps, representing the leaves. 

Thus there are three sizes of wires usually em- 
ployed. Coarse wire for the house mains, medium 
for the branches, and finer for the twigs, according to 
the current to be passed by these wires. 

It will be observed that the safety fuses in this 
case (each fuse being represented by a black circle, 
and the lamps by light circles) are distributed through- 
out the system, one at least being placed at the root 
of each branch. Keys, or switches, represented by x , 
are also placed at the roots of the branches, or as near 
thereto as may be convenient. It is usual to fix 
switches and fuses close together. 

♦ See ** Cantor Lectures," given before the Society of Arts, Feb. 1885, 
by Prof. George Forbes. 
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The three- 
wire system^ al- 
ready described 
(p. 1 3 2), is some- 
times used in 
order to reduce 
the pressure 
from the mains 
to one-half, and 
to effect a sav- 
ing of conduc- 
tors. But it is 
only in particu- 
larly extensive 
installations 
that this would 
be done. 



Size of Wire 

for the 

Circuits. 

The Board of 
Trade rule al- 
lows a current 
of 2000 amperes 
per square inch 
of section of 
pure copper 
conductor of 
equal conduc- 
tivity. This cur- 
rent will, how- 
ever, be found 
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Fig. 53.— Diagram of the Tree System. 
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to make common copper wire rather hot. Prac- 
tical electricians seldom allow more than half this 
current in the conductors — looo amperes per 
square inch. This current will not sensibly warm 
a wire of 95 per cent, conductivity, and is quite 
safe. 

According to this latter rule it is only necessary to 
consult a reliable table, giving the standard sizes of 
wires, with their section per square tnchy to ascertain 
the gauge required to carry a current of so many 
amperes. 

It is a common practice in works on electric light- 
ing to provide a mass of untested data from various 
sources. The beginner is expected to puzzle over 
these as best he can ; but it will be found that, save 
in rare instances, such information is unfitted for the 
use of practical men. We do not propose to follow 
this rule, or at most will give only one or two examples 
of useful tried formulae essential in practical work. 
Nor do we propose to weary the reader with cut-and- 
dried "examples" and "demonstrations" of the 
formulaB, for the simple reason that they are of no 
utility to a man about to plan an electric wiring 
system based upon conditions whch can never be 
foretold in a book. 

The following table provides in a ready form a 
good deal of information. The first column gives the 
sizes of wires in use in this country, according to the 
legal standard gauge brought into force recently. 
This gauge is very similar, save in fine and coarse 
sizes, to the older Birmingham wire gauge. When a 
conductor is as thick as a lead pencil No. 6) it is too 
stout and stiff to be used for wiring. The practice is 
to substitute a cable composed of several smaller wires 
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Stranded. Columns ill., IV., v., and vi. are generally 
useful, while columns vii. to x. are of especial import- 
ance to the electrician. Column IX., giving the sec- 
tional area of the wire in square inches, enables a 
rapid calculation to be made as to the required size, on 
the generally used basis that 1000 ampferes of current 
can be allowed per square inch area. Columns xii. 
and xm. give the resistances in ohms per 1000 feet 
and per pound weight, figures which will be found a 
useful check upon the quality (conductivity) of the 
wire, and in testing. 

Column XIV. is based upon the rule which allows 
1000 amperes per square inch, and is approximately 
correct — for practical working quite safe. Many suc- 
cessful electricians work to such a column as this with 
perfect satisfaction. 

Columns xv. and xvi. are approximate only, and 
give the number of lamps of different voltage that 
are usually successfully run from the wires. 

The figures given in the table are intended to 
apply more especially to house wiring, where the dis- 
tance between the dynamo or mains and the furthest 
lamp does not exceed 100 yards. It is taken for 
granted that not more than 50 lamps are placed upon 
one circuit. 

In taking resistances of circuits it must be borne 
in mind that the resistance of a parallel system of 
electric lamps and leading wires is a combined resist- 
ance, of which the component parts are the resistance 
of the leading wires and the resistance of the lamp 
filaments. The working resistance of a lamp is only 
to be got when it is lighted up. Its resistance cold is 
much greater than this. 

If a pair of wires be set out, and one lamp be put 
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across their far ends, the resistance of that circuit will 
be that of the wire added to that of the lamp. If 
another lamp be placed across the wires, the resist- 
ance of the circuit falls considerably, because a fresh 
additional path has been opened to the current. If 
three lamps be used it falls still more. The greater 
the number of lamps across the wires the less the re- 
sistance. In this way the resistance due to lamps is 
easily obtained by dividing the resistance of one lamp 
(in ohms) by the number of lamps. 

T^ Resistance of a single lamp, hot. 

^ Number of lamps in parallel circuit. 

In series-parallel the resistances of the lamps will 
nearly follow the same rule. If two lamps in series 
are to cross the mains, they may be treated as one 
lamp with their resistances added together. 

Wire Gauging. — ^The gauge of a wire is an import- 
ant point. If it vary from the dimensions calculated 
for, it may easily lead the wiresman astray. The 
necessity for actual measurement as a check upon the 
reputed gauge of a wire has been of late forced upon 
the attention of engineers. There is now in this 
country but one table of gauges — that authorised by 
the Board of Trade and known as the standard wire 
gauge, adopted, as to the required numbers, in the 
tables given in this book. 

It is very convenient to carry a pocket gauge of 
sufficient range and accuracy to cover the requirements 
of ordinary wiring. Several of these have of late been 
introduced, to meet a demand which is doubtless in- 
creasing. One of the best of the improved guages 
is represented in Figs. 54 and 55, which shows the 
actual size of a very portable and accurate form 
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patented by Mr. Trotter. This little gauge is pro- 
vided with four scales. The standard sizes are given 
on the scale marked S.TV.G, The scales marked 
mck and millimetres give the diameters of a wire 
in decimals of an inch and millimetres respectively, 
both being furnished with verniers. Each has one 
scale with an arrow head and one without The 
latter is the scale proper, the former is the ver- 
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Fig. 54. —Trotter's Wire Gauge. Back. 




nier. The arrow head points to the graduation on 
the scale from which the approximate reading is 
taken. The first decimal figure is read on the scale 
by the direct indication of the arrow head. It will 
then be found that one of the graduations of the vernier 
coincides with one of the graduations of the scale, and 
the remaining figures required to complete the reading 
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Fig. 55.— Trotter's Wire Gauge. Front. 




are the numbers which correspond to this graduation, 
counting from the arrow head. ^The instrument is 
opened by turning the screw to the right. The wire 
to be measured is placed between the jaws and nipped 
tightly. The area of circles may be read upon a scale 
upon the back of the gauge. The area of a wire, once 
known, gives at once the capacity of that wire for 
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carrying a current. It is understood that high con- 
ductivity copper wire is alluded to, and that some such 
constant as looo ampdres per square inch sectional 
area is used. 

The gauge represented in Fig. 56 is an ordinary 
pocket hole or gap gauge, provided with apertures for 
all the usual sizes employed in wiring. It may be 
well to note that standard gauge copper wire, which 
is afterwards tinned^ will read a fraction of an inch 
larger than standard gauge. Before measuring a wire 
all insulation should be carefully removed. 

Tests for Conductivity of the Wires. — In fitting up a 
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large installation specimens of the conductors to be 
used should be tested for both conductivity and re- 
sistance. Each sample should not be less than 100 ft. 
in length. Each length, if intended for damp situa- 
tions, should be immersed in a tub of water for at least 
12 hours. The wires should then be tested by the aid 
of the testing box and figures given at p. 76. The 
resistance of each length should not exceed that given 
opposite to its gauge in the preceding table. The in- 
sulation resistance must depend upon the nature of 
the covering. If the wires are " best " insulated, in 
gutta-percha and tapes, they should show an insu- 
lation resistance of 20 meg-ohms per length. 
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Nature of the Insulating Covering. — ^The commonest 
insulated wire that can be safely used for electric light 
branch wires is coated as follows : — 

(i) Tinned copper wire, conductivity 95 per cent. 
One coating india-rubber; braided with cotton and 
coated with preservative compound. Such a wire is 
unfitted for immersion in water, or for work in damp 
situations. 

(2) Tinned copper. One coating cotton ; one coat- 
ing india-rubber; one coating felt; braided cotton 
and preservative compound. Such a wire is adapted 
for more exposed work. 

(3) Tinned copper. One coating cotton, saturated 
with paraffin wax; one coating pure india-rubber; 
another coating cotton tape ; braided and coated with 
preservative compound. This is " good insulation " 
adapted for damp situations. 

(4) The same as above, with two coatings india- 
rubber. 

(5) Vulcanised insulation, consisting of vulcanising 
india-rubber ; one coating rubber-covered tape, and 
the whole vulcanised together and coated with pre- 
servative compound. 

f6) The same as above, with a heavy braiding over 
all. 

(7) Highest class. As above, with a covering of 
lead over all. 

(8) Twin-wires, consisting of several fine wires, e.g.^ 
100 No. 40 stranded together, insulated separately, 
braided in pairs, for flexible conductors. These are 
used for portable lamps. The exterior covering is in 
silk, mohair, or cotton. 

One rule should be followed by the electrician re- 
sponsible for the success of the wiring — to use the best 
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class of insulation the nature of the case will permit, 
and to avoid having the wires too fine. 

Switching Arrangements. 

In planning the wiring of a building the main and 
lamp switches should be marked off on the plan. It 
is impossible to say how many switches should be 
fitted to a given number of lamps, unless the con- 
ditions be known. In house wiring it is convenient 
to provide a double main switch on the house side of 
the meter, and a switch to each lamp fitted. In 
electrolier work, where all the lights would be re- 
quired at one time, a single switch for that group will 
answer. 

It is neither necessary nor usual, as with gas, to fix 
the switches close to the lamps, especially when these 
are overhead. It is more convenient to furnish the 
means for lighting and extinguishing either near the 
doorway, as in hotel bedrooms, or near to the fire- 
place, as in drawing-rooms. Each case must be 
made to decide for itself. There is one point, how- 
ever, that is worth considering carefully ; it is a great 
saving of labour to locate switches and cut-outs (safety 
fuses) together; and it is an advantage to keep the 
fuse as near as possible to the root of the wire 
supplying the lamp. 

Main Switches. — These are fixed at the root of the 
system, or at the root of each branch circuit, according 
to the nature of the case. There are many patterns 
in use, and we can only notice one or two of them. 
One of the most efiicient of the double break t3rpe is 
represented in Fig. 57, which shows Drake & Gor- 
ham's main double ring-contact switch. The cross- 
arm, provided with insulated handles, swings upon 
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the central staff. The contact between it and the 
terminal rings shown is effected by slitting the ring, 
so providing a spring clip, into which the curved end of 
the cross-arm enters. Fig. 58 will serve to make this 




Fir* 57* — Drake & Gorham's Ring Contact Switch. 

clearer. The ring is made in two or more parts, 
which gives it elasticity, and certainty of contact, as 
it wears away, is kept up by adjusting the lock nuts. 

This method of getting 
a tight sliding contact 
of large surface has 
been applied by the 
same inventors to a 
large variety of 
switches, some of 
which are represented 
upon the main switch- 
boards illustrated fur- 
ther on. Such switches 
are invariably mounted 
upon incombustible 
bases, of which per- 
haps the best is slate. 
Their main function is 
to provide perfect continuity when closed, and perfect 
safety from creating an arc, and so setting up a fire, 
when opened. Fig. 59 represents one form of Wood- 
house & Rawson's double-break switch. 




Fig. 58.— Ring Contact, Section. 
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Double-pole main switches are different from 
double-break switches inasmuch as they are con- 
structed in duplicate — two switches in one, so that by 
one movement of the handle both leading and return 
wire are cut off from the circuit. Instead of opening 
the two wires of one circuit a double-pole switch may 
be used to open the positive or negative wires of two 
separate circuits. 

Of late a good deal of objection has been raised by 




Fig. 59.— Woodhouse & Rawson's Double-break Switch. 

fire ofSce authorities and others against the practice 
of carrying wires belonging to the same circuit so close 
together, as is frequently necessitated by the use of 
double-pole switches. Any objection of that kind 
may, however, be easily met by providing two single 
switches, one upon each wire, a sufiicient distance 
(several inches) apart, or by the simple expedient of 
providing sufficient space upon the double-pole 
switch itself. There can be no doubt that a double- 
pole switch is a great convenience. Fig. 60 repre- 
sents Mr. Hedges' device for this purpose, which is 
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now extensively used in house lighting in the metro- 
polis. A and a' are a pair of sprung contact discs, 
bearing with sufficient pressure upon the polar pieces 
B b'. The base is incombustible. The main cable 
connections are made into the set-screw sockets as 




Fig. 60.— Hedges' Double Pole Switch. 

shown at H , and the branches from the opposite 

side. 

Multiple- Way Main Switches. — Main switches may- 
be broadly regarded as effecting three changes : 
(i) Cutting open and closing one wire of a circuit — 
or, in other words, "off and on" switching; this 
class of single-wire switch is made both with a 
"single break" and a "double break," as shown in 
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Fig. 59. The double break divides the spark at 
breaking circuit, and will suflFer less than a single- 




Fig. 61.— Woodhouse 8c Rawson's Multiple-way Switch. 

break switch from burning of the contact surfaces. 
(2) Cutting open and closing the two wires of a circuit, 




Fig. 62.— Ring-contact Multiple-way Switch. 

called a douhle-pole switch. This variety severs the 
mains completely from the branches. The import- 
ance of this will be discerned when it is pointed out 
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that in the event of a bad short circuit to earth in one 
of the branch wires, merely severing one wire rom the 
mains would not necessarily stop the leakage, while 
severing the two cuts oflF all possibility of main 
current reaching the branches. (3) Multiple-way, or 
distributing switches. These are arranged in a variety 
of ways. The simplest form is represented by a central 
contact connected to the positive main, having a lever 
moving at will on to any one of several branch line 




Fig.. 63. — ^Woodhouse & Rawson's Accumulator Switch. 

terminals, so as to throw the main current into any 
required wire. The switch may of course be elabo- 
rated to any degree, so as to lead the main current into 
any number of wires, according to the nature of the 
case. Figs. 61 and 62 show two forms of this descrip- 
tion of switch, in the first of which Woodhouse and 
Rawson's multiple contact plate system is employed ; 
the contact being given by a number of springy slips 
of gun-metal or brass, an arrangement which ensures a 
good deal of bearing surface between the two con- 
tacts. Fig. 63 is a form used for placing accumulators 
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in and out of circuit during charge or discharge. 
The short-circuiting of a cell is obviated by a coil 
of wire placed upon a vulcanised fibre plate below 
the slate base. It may be pointed out that if a 
switch carrying a heavy current have but a small 
contact, great heat and ultimate burning may be set 
up at that point. In the selection of switches, 
especially main switches, only those furnished with 
incombustible bases of sufl&cient thickness to retard 
the passage of heat should be used. 

B%anch Line and Lamp Switch. — These have been 
produced in great variety. The simplest kind in use 
merely forms a metallic touch, connected to the lead- 
ing wire, and so arranged as to throw the current 
into the branch by contact. This is by far the most 
common variety of switch. It frequently is found 
with a great defect, which is worth careful considera- 
tion before fitting switches to be manipulated by ordi- 
nary people. A common switch, if turned partially 
but not wholly off, may serve to extinguish the lamps, 
but at the same time may be in partial contact suffi- 
cient to set up an arc there, or a fusing heat. This is 
he worst kind of switch possible for fitting into 
nouses. The difficulty can be overcome by fitting the 
movable lever with an " overthrow " spring, the func- 
tion of which is to rapidly push open the switch as 
soon as it is started by hand, a device which renders 
" arc-ing " impossible. This re-acting spring device 
has recently been considerably improved upon in the 
Woodhouse & Rawson switches, and in those of 
several other makers. An " overthrow " spring may 
possibly be resisted by the hand of the person open- 
ing the switch long enough to form an arc and burn 
the switch. Such a contingency is met by making the 
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little handle free upon its arbor, so that when the 
switch is started once it is thrown fully open by the 
spring independently of the handle ; e.g.y even if the 
handle be held firmly after starting the switch, it 
will spring open and prevent " arc-ing." 

These switches are furnished with channels for the 
connection of the wires from the back, and with the 




Fig. 64.— Branch Line or Lamp Switch. 

necessary screw-holes for their fixing. They are 
usually protected by a cover of porcelain, or wood, 
of a shade and style of ornamentation to suit the 
colouring of the apartment in which they are placed. 
Fig. 64. 

Combined Switch and Cut-out Fuse. — A very useful 
form of switch is that in which a fuse is fitted, as 
represented in the front of Fig. 65. The fuse usually 
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consists of a slip of tin, or alloy, which is easily re- 




Fig. 65. — Switch and Fuse combined. 

placed when accidentally burnt by too heavy a cur- 
rent. These combined 
switches are likely to 
come into general 
favour, reducing as 
they do the labour of 
fitting fuses. 

When a wall plug 
is provided for the 
flexible leading wires 
of a portable lamp, 
a duplex plug connection, as represented both in 





Fig. 66.— Wall Connection. 
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position and separated in Fig. 66, is generally em- 
ployed. 

Plug and Removable Key Switches. — A plug switch 
is merely a metal plug, as used in resistance coils, 
which is inserted or withdrawn to make and break 
contact. Key switches are those opened and closed 
by a separate key, which is easily removed and 
carried about. 

Reversing Switch. — ^The ingenious device shown in 
Fig. 67, which is due to a French electrician, enables 
the switching of a lamp to be effected from two 
points, as either end of a room. The diagram ex- 
plains itself. 

Capacity of the Switch, — Switches, whether for main 
or branch work, are said to be made to carry so 
many ampferes— in the case of branch switches this 
would be approximately as so many lamps. A wide 
margin of carrying capacity is generally allowed. 
The main provision to insist upon is perfect con- 
tact, insulation, and incombustibility. 

Main Fuses and 
Cut' outs. — A 
safety fuse is a 
device to prevent 
an accidental ab- 
normal current 

Fig 67.-Reversing Switch. ^om forming iu 

a circuit. If a 
current greater than the circuits in a house were 
designed to carry were to pass through them, the 
points offering greatest resistance would speedily be- 
come red-hot, and fire would probably ensue. The 
main object, then, of a safety fuse, or cut-out as it is 
frequently called, is to prevent accidental overheating. 
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When a small portion of a circuit is composed of 
very fine copper wire, it will break at that point as soon 
as the current is raised sufficiently high to melt the 
copper. Perhaps the best material for a fuse is copper, 
but it has one great objection — its high fusing point. 
It is usual to employ an inch, or thereabouts, of tin, 
or tin-lead alloy wire ; and in respect to gauge, it is a 
common practice to employ a wire one size finer than 
the copper circuit wire — e^g.y a i6-gauge copper wire 




Fig. 68.— Main Fuses. 

would be protected by an 1 8-gauge tin wire. Main 
fuses inserted at the root of house mains take several 
forms. One of the most convenient is the W. & R. 
double-pole fuse, represented in Fig. 68, consisting ot 
a slate double trough so fitted that it may be conve- 
niently screwed to wall or other fixture. The wires 
are led to the metallic plugs, which are fitted with 
screws for their reception. Between the plugs short 
lengths of lead or tin wire are fixed, and the whole is 
covered by a glass cover. Thus any accident to the 
fuses can be detected and the fusible wire replaced. 

M 
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The capacity of the fusible plate is usually indicated 
upon it in ampferes as shown in the diagram (Fig. 69) 
of Hedges' main fuse. The fuse plate may easily be 
removed and replaced by others (Fig. 70). 




WENT FUSIBLE SAFETY PLUC, 



Fig. 69. 

In many systems plugs of lead or fusible alloy are 
used for this purpose ; in others merely a loop of lead 
wire is employed. There is one certainty in the use 
of a good fuse : if it be fixed close to a dynamo it will 

always bum up long 
before the copper 
wires are hot enough 
to injure the insula- 
tion of the machine. 
A paper by W. H. 
Preece, F.R.S.,* gives several deductions from experi- 
ments upon the fusing of different metals under the 
current. 

The following refers to copper and tin lead alloy, 
two substances very much used for fuses : — 

♦ Proceedings of the Royal Society. Vol. XLIV. March, 1888. 




Fig. 70.— Safety Fuse Plate. 
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Standard wire 


Copper wire fuses 


Tin-lead alloy wire 


gauj?e. 


at amperes. 


fuses at amperes. 


\t 


231-8 


29-82 


165-8 


Vy^ 


i8 


1077 


20 


69-97 


9-002 


22 


48-00 


6-175 


It : 


33-43 


4-300 


2474 

i*-44 


3-183 


28 


2-373 


30 


14*15 


1-820 


32 


11*50 


1-479 



The fusible alloys generally employed for making 
safety plugs are usually more strictly amalgams in the 
case of the softer plugs. These are made from Arcet's 
metal, 9 parts, mercury, i ; and fuse at about 50° C. 
Harder plugs, melting at 210° Fahr. (just under the 
heat of boiling water) are made of tin, 3 ; lead, 5 ; 
bismuth, 7. A useftil fuse for wires hung bare, where 
a good deal of heat may be allowed with safety, is 
made from tin, 1 ; bismuth, i ; it fuses at 285° Fahr. 

Fusible Plugs and 
Branch Fuses. — ^The 
usual safety plugs 
are marked with 
the number of am- 
peres of current 
they can carry with- 
out fusion. They 
are also, in rare 
cases, marked in 
"lamps," but this 
practice is ex- 
tremely misleading. 




Fig. 71.— Branctt ruse. 



If marked in lamps, 16 candte 

lamps will probably be meant in most ^^^!^^ circuit 
the function of a safety plug is to protect ^^^^^^^^ 
at whose root it is fixed, it has no ^^^^'^^^^^^^elv equal 
The amperes in that circuit may approxitu 
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the number of lamps, or they may not, according to 
the voltage of the lamps {e.g.y 50-volt lamps might take 
ampere, while lOO-volt lamps would take '5 ampfere). 
One of the simplest forms of fuse plate is represented 
in Fig. 71, where milled nuts are provided for replacing 
a burned out connection. 

Messrs. Patterson & Cooper issue a convenient and 
substantial form of fuse upon a slate base, repre- 
sented in Fig. 72, in which a flat foil is used as in 
Hedges' fuses. 

Particular Observation Respecting Ftises. — ^The inser- 




Fig. 72.— Main Fuse Plate. 

tion of a number of fuses into a system of circuits 
may render that system a very safe one as far as 
overheating by accidental abnormal currents is con- 
cerned. But the multiplication of fuses may easily 
become a source of danger instead of safety. Each 
fuse implies a break in the wire and a pair of con 
nections. Unless the connections are honestly 
thorough they become a source of trouble. Every 
fresh connection is a fresh weak point in the circuit. 
It is essential to so make the connections that each 
has a carrying capacity greater than the wire itself, 
and is unquestionably sound. A carelessly soldered 
connection may heat very quickly. It may at any 
time break apart and set up an arc, so igniting dry 
woodwork. Besides theconnections the plugs them- 
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selves, if plugs be used, may have bad connection 
in their sockets. Every plug should be examined 
previously to being inserted into the circuit. 

Fuse Boards. — For reasons stated above many 
electricians will not permit the distribution of fuses 
throughout the system of house wiring. In such 
cases it is considered safer to assemble all the fuses 
upon a fuse board (Fig. 73). The base or backing of 
this "board" is of 
slate, and the ter- 
minal blocks of 
brass. The figure 
represents a fuse 
board for eight cir- 
cuits. The connec- 
tion to the positive 
main is made with 
the central screw, 
and the current is 
thus distributed 
into eight paths. 
The fuses them- 
selves, shown by the 
light lines between 
the lower and upper 
terminals, are either of lead wire or of strips of alloy. 
It is much easier to ensure good connections upon 
such a grouped system of fuses than in a distributed 
plan. But the use of fusible wire is diflEicult and 
uncertain, unless precautions be taken. The wire 
must either fit the terminal blocks very tightly, so as 
to ensure good contact without much screw pressure, 
or a piece of copper wire must be soldered to the end 
of the fuse for connection with the terminals. Al- 



Fig. 73— Fuse Board. 




Fig. 74.— Terminal Block. 
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diougfa the fiise boards are usually placed only in the 
positive main, with a plain ''terminal block" (Fig. 
74; iipon the return, it is still bett^ to have a fiise 
board upon both poles of the main. The use of ter- 
minal blocks of this pattern is extending. They 
obviate the necessity for large, coarse main or ter- 




^>S- 75-— Hedges' Fuses for Smtch-bouxls. 

minal joints, and greatly facilitate examination and 
testing of the circuits. 

Mr. Hedges has devised a form of fuse for switch 
boards (Fig. 75), which woidd appear to offer several 
advantages, providing as it does means of rapidly 
connecting the main cables. The fusible foil bridges 
over a gap as represented. 

Mr. Scott has devised the handy fuse represented 
in Fig. 76. It consists of a fine wire, run over the 



Digitized by 



Google 



THE LAMPS AND FITTINGS. 1 67 

surface of insulative material, forming a kind ot con* 
ductive plug which may easily be slipped into posi- 
tion in the base. This plug provides the " one inch 
break." generally required by the fire offices. 




Fig. 76.— Scott's Fusible Plug. 

The Lamps and Fittings, 

Area Lighted. — A 16 candle-power lamp is usually 
fixed for every 100 square feet around the lamp, the 
latter being raised from 6 to 10 feet above the floor 
line. 

Light Absorbed by Glass Envelopes, — When the lamp 
is covered by a globe the following percentages of 
light are lost for the different classes of glass : Clear 
glass, 10 p. c. ; ground glass, 35 p. c. ; opalescent, 
50 p. c. 

Incandescent Lamps in General Use. — Various 
makers' productions are in use. The most widely 
known are the Edison & Swan's lamps. They range, 
according to the nature of the filament, from one 
candle power to 1000 or more, when fiiUy incan- 
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deseed. The most common powers are the 8, 10, 16 
and 20 c p. lamps. For house lighting 10 and 16 
c. p. lamps are deemed sufficient. Of the two the 16 
c. p. is probably the more widely used. 

Electromotive Force and Current of the Various 
Classes. — ^The lamps in general use absorb approxi- 
mately the following : — 

8 candle-power takes from 

10 y) 1J ft 

25 »» »> »» 

5^ >» »> »» 

100 „ „ „ 

But it is impossible at the present time to lay down 
a rigid rule. The 8 c. p. lamps are very generally 
run at 10 c. p., and the 16 c. p. at 20. It is more 
economical, as far as current is concerned, to run 
them above their nominal value. But the life of the 
lamp is thereby shortened. The " life " varies, and 
depends almost entirely upon the supply — its con- 
stancy, regularity, freedom from fluctuations and so 
on. The average has been placed at 1000 hours, 
but many lamps have been known to bum 5000 
hours. The life chiefly depends, no doubt, inversely 
upon the intensity of the incandescence. 

Nature and Description. — ^The incandescent lamp is 
now so well known that it appears unnecessary to 
describe it. It may be regarded, however, as a short 
length of very fine conducting filament of graphite 
carbon, usually curved into the shape of a hairpin, 
and mounted within a pear-shaped glass envelope, 
from which the air has been very carefully exhausted. 
The two ends of the carbon thread are put into com- 
munication with the exterior of the glass by two fine 
wires of platinum, sealed into the glass (Figs. 77 and 
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78). The lamps need careful handling, as the carbon 
filament is very brittle and easily broken. If the 
glass be broken, the lamp is destroyed. If this 
rupture should occur while the current is passing 
through the lamp, the carbon thread will be at once 
consumed. The filament is caused to glow by a. small 
portion of current being impelled through it under the 
"pressure" or electromotive force set up by the 
dynamo. The higher this pressure the less current 





Fig. 77.— Edison Lamp, B.C. pattern. Fig. 78.— Swan's Lamp, B.C. pattern. 



per candle power is required, so that it is economical, 
as before stated, within reasonable limits to work 
lamps at a high pressure. The working pressure, 
measured in volts, is always marked upon the lamps. 
But, as in the case of various other "nominal" 
working figures, these are frequently exceeded. 

Blackening of the Bu/6s. -^Th\s cannot at present be 
avoided. When a lamp has been in use a few hun- 
dred hours the interior of the glass appears to^ get 
coated with a fine black powcler— probably, particles 
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of carbon from the gradual destruction of the filament. 
This blackening impedes the light, and it becomes 
a question whether it is economical to run such 
blackened bulbs longer after a certain percentage of 
light has been so cut off. 

Current Absorbed by the Lamps, — The current varies, 
as before stated, with the " pressure " at which the 
lamps are worked. It is usually expressed in 
" watts." A lamp is said to take so many watts per 
candle power. The best lamps take from 3*5 to 4 
watts per candle, under ordinary pressures. 746 watts 
are called an electrical horse-power, and from 45 to 60 
watts will be absorbed by an average 16 c. p. lamp. 
Roughly, from 10 to 14 of such lamps are usually 
obtained per mechanical horse power expended upon 
the dynamo. The balance is usually lost in the 
resistance of the circuits. 

The Economical Efficiency of the Lamps, — ^With 
regard to the question, at what pressure it is economical 
to run the lampSy seeing that a high pressure shortens 
their life, but calls for less electricity per candle 
power, an interesting paper was read at the American 
Institute of Electrical Engineers by Mr. Howell, elec- 
trician to the Edison Lamp Company, April, 1888. 

The paper embraced a series of curves, showing the 
performance of lamps of various costs, candle powers, 
efficiencies, and with various periods of life. The 
general deduction from the numerous experiments 
that had been made to determine this point was that 
the most economical efficiency of the lamps was attained 
when the cost of lamps was 1 5 per cent, of the cost of 
operating the entire electric plant. In other words, if 
the lamp bills (renewals) were less than 15 per cent, of 
the total expense of the electric lighting, the pressure 
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imposed upon the lamps was too low. If the lamp bills 
exceeded 15 per cent, of the expenses, the pressure 
used was too high. It was also shown that if, for 
example, the lamp bills are only 10 per cent, of the 
whole cost, increasing the efl&ciency of the lamps by 
increasing their candle power does not reduce the 
total cost ; but in order to attain that end the lamps 
niust be replaced by others of the same candle power, 
but of higher efficiency. It is therefore clear that it is 
by no means economical to run lamps at so low a 
candle power that they will last beyond a certain 
number of hours. Instances are common of lamps 
having been run at so low an efficiency that they have 
lasted 5000 hours. It would appear that in this case 
it would probably have been better to burn out five 
lamps, each lasting 1000 hours. 

Apart from the question of current wasted upon a 
lamp in the above way, there is the inevitable blacken- 
ing of the bulbs to be contended against, as already 
spoken of. When this proceeds a certain way it is 
better to replace the lamp, even although its filament 
may have a good length of life left in it. It should, 
in fact, be treated as a broken lamp. 

A "kilowatt" is 1000 watts. The kilowatt is 
frequently taken cis a unit in describing the power of 
a dynamo. Thus a dynamo will be described as a 
" lo-unit machine," meaning a dynamo capable of 
causing an electrical flow of 10 kilo- watts (10,000 
watts). 

The Board of Trade kilowatt-hour is the recognised 
unit of measurement of electricity supplied to con- 
sumers. It means a kilowatt maintained for one 
hour. Its selling price in this country varies from 
6d. to IS. 
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Fittings. — These may be roughly divided into 
sockets, or lamp holders, or connectors ; brackets, or 
arms for supporting the lamps and pendants, and 
electroliers. 

The sockets depend upon the connections provided 
at the lamp bulbs. These are arranged variously. 
The most common is a pair of metallic studs, fixed to 
. the stem by means of a brass collar, 

and known as B C lamps in the trade. 
A common plan is to provide two 
small loops at the bottom of the bulb, 
and to hook them to the terminals in 
the socket to make electrical connec- 
II tion ; called bottom loop lamps, or 

■■g-ra B L. The sockets are also made in 

^Hill the form of adapters, for use upon 

existing gas fittings, called G. F. 
adapter supplies (see " Gas Fittings," 
p. 196). The "contact" is made cer- 
tain in various ways. The earliest 
plan was that of loops, kept apart by 
a spiral spring, and later by means of 
a bayonet joint (Fig. 79). The usual 
present device is arranged to come into contact by 
simply screwing, the details of which we cannot 
enter upon here. 

Brackets are made in an immense variety of designs. 
They are very similar to gas brackets, but are gene- 
rally arranged to throw the light downwards. Incan- 
descent lamps being different from gas burners, inas- 
much as they can be held in any position, afford great 
scope to the art-worker in the production of new and 
beautiful designs for brackets and electroliers. Flowers 
and fruit naturally suggest many ideas in this direc- 




Fig. 79. 

Edison Lamp, with 

bayonet joint. 
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tion, and it is a common practice to make the lamp 
come in as a " bud," or the centre of a " bloom/' or as 
the fruit itself. For such purposes the bulbs are fre- 
quently coloured. 

A very convenient arrangement for students is 
represented in Fig. 80, which shows Mr. Hartnell's 
adjustable shade carrier, by means of which the light 
of the lamp may be projected in any direction, or at 
any angle. 

Dispersion of the light is a subject which has occu- 
pied many minds, and there is probably nothing better 




Fig. 80.— Hartnell's Lamp Reflector. 

than reflectors for ordinary purposes. Mr. Trotter's 
application of dioptric shades appears to present some 
advantages in this direction. The shades are moulded 
from clear flint glass into innumerable little prisms, 
causing considerable diffusion of the light, while it 
obviates the glare of light direct to the eyesight. 
Fig. 81 represents one form of these shades, com- 
pletely enclosing the lamp or lamps. The dioptric 
shades will no doubt prove useful for indoor arc lights. 
Attachment for Portable Lamps. — ^Portable lamps, 
fed by a flexible twin wire, attached to a pair of poles 
fixed at any convenient point in the wall of a room, 
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are becoming very common. Since the leads are 
exposed to so much friction there is constant danger 
of short circuit in these leading wires. Hence the 




Fig. 81.— Trotter's Dioptric Shade. Fig. 82.— Pendant Lamp, with Reflector. 

invariable practice of careful engineers to fit a fuse 
behind the wall attachment, where the flexible leads 
leave the branch wires. If accidental contact then 
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takes place between the leads, the fuse will give way 
before the danger extends to the wires themselves. 

Telescope pendants have been devised for the elec- 
tric light. Various plans have been suggested for he 
purpose of keeping up the contacts when the pendant 
is lowered or raised. One of the earliest ideas was to 
employ a flexible twin wire, running upon a spring 
reel, after the manner of a spring blind, the wire being 
used merely to feed the lamp. A later method em- 
ploys a single sliding contact, consisting of a spring 
bearing upon an insulated metallic strip connected to 
the positive wire, the fitting itself being in contact 
with the negative pole. Various other devices have 
been tried which cannot be entered upon here. Fig. 82 
represents a convenient reflecting pendant for either 
arc or incandescent lamps, issued by Messrs. Laing, 
Wharton, & Down. 



Methods of Running the Wires. 

^^ Rule of the Road** for Leads. — It may be as well 
to quote here the alliterative rule generally observed 
by wiresmen in running leading wires : " Leads left. 
Returns right," when laid upon a floor or ceiling; 
when placed upon a wall, horizontally, " Leads low. 
Returns raised." 

Red insulation is generally used for leads (positive 
wires) and Black insulation for returns (negative 
wires). It may be observed here that a good deal of 
complaint is being raised that the red insulation is 
inferior to the black — this, if insisted on by makers, 
will speedily result in the black being used for leads, 
and the red for returns. For rules to find the direc- 
tion of the current, see p. 24. 
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Cleat Wiring. — This means uncovered wires, run as 
neatly as possible upon walls, flooring, and ceiling, 

and held in place either by 
/ — ^) J^ "cleats" (Fig. 83) of wood, 

y^Tl ^ttir ^^^ ^ double groove, or by 

r ^. O 1^ leather loops. 

Fig. 83.-Doubie Wire Cleat. Cleat wiring, although Un- 

fitted for house work, is emi- 
nently adapted for theatre stage-wiring, for mills, 
and in every situation where the appearance of the 
bare wires would not be objectionable. 

It is very desirable to expose the wires to view it 
possible. It prevents moisture from accumulating, 
renders the detection of leakages and faults compara- 
tively simple, and compels the wiresman to observe 
that the proper distance is maintained between the 
wires. In mills, where dust is generated, it is apt 
to settle very much upon wires carrying continuous 
currents, but not upon those carrying alternating 
currents. When a length of wire is run it should 
always be stretched taut, from point to point, and 
securely cleated down. Cleats may be required, ac- 
cording to the situation of the wires, firom every three 
to every six feet of run. 

Crossing Cleats have been devised for enabling one 
pair of wires to cross over or under another pair with- 
out danger of contact. They are usually made in 
glazed earthenware, but more frequently extemporised 
by the wiresman himself upon the spot. A wooden 
cleat of this kind merely consists of two cleats placed 
across each other. It is usual to put in a square of 
vulcanised rubber between the cleats. The single- 
wire crossing pieces are usually made in earthenware, 
and lead one wire, as an arch, over the other. The 



Digitized by 



Google 



CASE WIRING. 177 

distance between the wires so crossed should n&ver he 
less than an inch. The main provision is certainty of 
separation. It must be impossible to press or bend 
the wires so crossed into contact with each othei*. 

Cleats should be screwed, not nailed. The screws 
must not touch the insulating covering of the wires. 




Fig. 84. — Double Wire Casing and Cover. 

Brick walls must be pierced with chisel and hammer, 
to allow of the driving in of a block of wood upon 
which to screw the cleat. The wood should be driven 
in so that its grain is across the path of the screw, 
otherwise the latter may be easily pulled out. The 
cleats themselves are made from hard wood, with 
semicircular or square channels. 

Casing and Moulding Wiring, — This is by far the 
most common method 
at the present time for 
house work. It implies 
concealed wires, but yet 
accessible in a case of 
need. The casings 

are merely continuous Fig.ss-DoubieWirT^iding. 

cleats. Fig. 84 is an 
example of a section of plain channelling with its 
moulded cover, and Fig. 85 of a more elaborate pat- 
tern. Figs. 86 and 87 represent single-wire mould- 
ings for a cornice or angle and an open situation 
respectively. 

Casings are usually made in soft wood, but for 

N 
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special purposes are produced in immense variety by 
Mr. Elliott, of Newbury, from whose designs the above 
engravings are taken. Mouldings will necessarily be 
selected to suit the ornamentation of the rooms, or to 
taste. 

There are several methods of casing the wires. 
But all that is necessary is to run the wires taut from 
point to point, and to securely screw the moulding 
upon them. Some wiresmen are more particular in 
their method, and take pains to loop down the wires 
upon the walls first, the requisite distance apart, and 
to apply the casing merely as a covering or protec- 
tion. The channelling, which is double, as Fig. 84, 





Fig. 86.— Cornice Moulding. Fig. 87.— Single Wire Casing. 

is first screwed to the walls or floors, and the cover 
laid upon it after the wires are run in the grooves. 

The object of mouldings is of course to conceal the 
presence of wires altogether, and numerous ingenious- 
devices have been resorted to by artistic workmen to 
get wires to fittings and electroliers without breaking 
the plaster of the walls. In some cases the plaster is 
cut out in the path of the wires, and, after they are 
laid in a thin sheathing in the channel so obtained, a 
thin wooden cover is put on, and the whole re-papered 
or painted, forming complete concealment. Mould- 
ings are frequently run above the wainscot, or in 
comers, or along the course of skirting boards. When 
wires have to be run upon a ceiling, and the place for 
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the lamp cannot be reached from above^ a moulding 
must be run across ; but it is usual in that case to 
give the ceiling a symmetrical appearance by fitting 
three other dummy mouldings, forming panels. 

It is impossible to enter here upon the number- 
less devices resorted to for the purpose of concealing 
the wires, or at* least giving their covers an artistic 
appearance. Each case must be made to decide for 
itself. 

It is almost needless to enter upon a consideration 
of the wiring of buildings while in course of con- 
struction. Although the use of the electric light 
is spreading rapidly it will not for many years be 
allowed for in new buildings in this country, except 
in rare instances. Progress in England is extremely 
slow, and it is probable that houses will continue to 
be fitted for gas light long after that illuminant has 
been relegated in great part to the duties of heating 
and cooking. 

If a general suggestion may be thrown out we may 
say that the architect should provide vertical tunnels 
in the brickwork, at least 8 in. by 12 in., communi- 
cating with each floor from top to bottom of the 
house. The tunnels should be boarded or wood-lined 
by the carpenters. That, with the provision of 
horizontal openings of the same size through partition 
walls, on the level of each floor, will form the only dif- 
ference necessary between providing for gas and elec- 
tricity. Ceilings will be reached from above, as in the 
case of gas-fitting. Brackets on walls will be reached 
from above or below by means of small tunnels 
formed behind tlie plaster. Gas-pipes are buried in 
the plaster, or cleated to the brickwork. This cannot 
be done in the case of electric light wires, and it is 
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doubtful whether it should be resorted to, even in 
the case of wires covered over all by a protection of 
lead. 

Wherever wires are run in a building the adjacent 
woodwork must be dry^ and conductors must in no case 
be affixed tOy or laid in damp walls. 

In running wires beneath flooring, and in other 
situations where the wires cannot be cleated down, it 
is important to ensure that they are " hauled taut " 
and well separated ; in running concealed wires this 
precaution against accidental contact between the 
wires is more important than any other. Two wires 
must never be run through the same opening in a 
ceiling without the use of hard rubber separating- 
tubing slipped over each wire. The same is true of 
walls and partitions, where, if practicable, earthenware 
separating-tube should be used. 

Are these Precautions Needful ? — ^The questioner 
has only to read the rules laid down by the fire offices 
and the suggestions of the Institute of Electrical En- 
gineers to find an answer. He must bear in mind 
that although electricity is the safest illuminant ever 
used, it consists of energy conveyed in wires, and that 
it will either manifest itself as light or as heat. If too 
much of it be forced through a thin conductor, that 
conductor will become hot, and it may become red- 
hot. If it can find a short path back to the mains 
without passing through the lamps^ it will inevitably do 
so (as in two wires crossing). This will shortly — 
unless the insulating covering of the wires be very 
gogd — cause a contact and an electric arc, which may 
possibly give rise to fire. But When electricity is 
compared with gas, it is both easier to make it per- 
fectly safe, and to provide beforehand for leakage. A 
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gas-pipe may leak and suffocate every one in a house ; 
an electric wire, if it leak, would heat up its fuse, and 
get cut offiiovci the supply. There is no such possible 
precaution in the case of gas. 

A great deal of nonsense has been spoken of the 
dangers of electricity. Although it has been in ex- 
tensive use as an illuminating agent in this country 
for at least ten years, it is difficult to point to a single 
authentic instance of damage due to it. As used in 
houses, at a pressure of one or two hundred volts, it is 
perfectly harmless to the person. The conductors are 
so insulated and protected by cut-outs that any acci- 
dent that might cause a fire is rendered impossible. 
Provided then a conductor of sufficient size, so that 
its sectional area is from one to one and a half square 
inch for a thousand lamps (or from looo to 1500 
amperes), and suitable fuses inserted at the foot ot 
each branch, danger is entirely out of the question. 
But a good deal of discreditable work in the form of 
wiring has been done by unscrupulous contractors. 
Insufficient insulation has been put upon the wires. 
These have been carelessly run. They have been 
loaded with current (possibly from 2000 to 4000 
amperes per square inch), so that they were always 
hot when at work. They have not been protected by 
fuses at all. And thus, through general ignorance, 
many installations have proved unsatisfactory, and 
broken down after a time, the users returning in 
disgust to gas or candles. Happily this state of 
things is passing away. Well insulated wires are 
being introduced, having ample carrying capacity, and 
their distribution is now better schemed. Fuses are 
being employed with many other precautions. There is 
one leading maxim for a contractor pu.ttingin electric 
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light, and it is to avoid contracts that do not allow of 
the best class of material and labour being used 
throughout. 

Tests during Wiring, — ^As suggested at p. 151, the 
general plan of the wiring must be taken upon paper, 
together with particular attention to such details as 
the positions of fuses and switches. During the 
progress of the wiring the leading hand should every- 
day test each circuit as it progresses for continuity 
and crosses. He can find crosses or short circuits 
most easily by earthing all the distant ends of wires 
according to the directions given at p. 83. Continuity 
and freedom from short circuits having been ascer- 
tained, the final consideration in an installation of 
any considerable size is the resistance, both copper 
and insulation, of the circuits. Several hints as to 
these tests are given at p. 84, together with particu- 
lars of the instruments required. The tests should 
always be made from the dynamo, or from the point 
where the branch mains enter the house. In taking 
the copper resistance tests the ends of the far branch 
leads and returns must be twisted together, or con- 
nected with brass screw-junction pieces. All lamps 
must be removed. Every successive step in the 
testing must be made according to the plan of the 
wiring, which should be placed upon a wall near to 
the main switch-board. It is usual to take the insu- 
lation tests last. It may be of interest to state that a 
great deal of very good incandescent wiring has been 
done without taking either copper or insulation re- 
sistance tests. But in such cases the copper con- 
ductors have in every case been carefully selected to 
suit the distances at the outset. The insulation has 
been of the best, and the work in all its details 
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carried out under the eye of the responsible elec- 
trician. Testing, at best, is but the detection of 
possible careless work or unforeseen accident. Con- 
tinuity tests cannot well be dispensed with. Insu- 
lation tests are essential aboard ship, or in mills, and 
in any situation where there is danger from damp or 
contact with wires. 

Prof. Jamiesofis Rules for Insulation Resistance of 
Electric Light Circuit. — In a paper read before the 
Institute of Electrical Engineers,* by Professor A. 
Jamieson, F.R.S.E., he gives the following formula 
relating to the insulation resistance which should 
exist in the best kind of installations of the electric 
light :— 

Let Ri = the total insulation resistance of the 
whole or any part of the lamp circuits, or of the gene- 
rator, in ohms ; 

K =z a, constant, •! q = -^ig^ o = 100,000 a> (100,000 
ohms) found from actual tests of several well-erected 
installations ; 

E = E.M.F. of dynamo or installation in volts ; 

Ni, = number of lamps (i6-candle power) on each 
circuit or on the whole circuit, then 

The insulation resistance is therefore here taken to 
be directly proportional to the nominal E.M.F. of the 
d3mamo, and inversely proportional to the number of 
i6-candle power lamps in circuit. 

The Phoenix Fire Office rule puts the insulation 
resistance of different sized installations into tabular 
form, as follows : — 

* Journal of the Institute, January, 1889. 
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Installatioiis of 25 lights 
>f It 100 „ 

„' „ 1000 „ 



500,000 ohms. 
250,000 „ 
125.000 „ 

25»o«> » 
12,000 „ 



This applies to continuous currents having an electro- 
motive force of 200 volts and under, and implies a 
test taken at one operation over the whole installation. 
It is, of course, well known that tests of insulation 
are the exception, and, imfortimately, not the rule. It 
should be urged that insulation testing is quite as 
important as continuity testing, and certainly more 
important than conductor resistance testing, especially 
aboard ships. If insulation tests are to be neglected, 
the greatest precautions must be taken in the matter 
of selecting well-insulated wires, and in running 
them in the safest positions. See also " Rules of the 
Institute of Electrical Engineers," p. 212. 

Estimation of the Electrical Power Required. 

All electrical work, in wires and at lamps, repre- 
sents the expenditure of mechanical energy. The 
mechanical units of measurement cannot, however, be 
employed in calculations of the electrical work. The 
electrical units employed by practical engineers in 
estimating electrical work are named as follow : — 

VoU. — ^The accepted unit of measurement of electro- 
motive force, or the potential difference between the 
poles of a machine (very generally regarded as, and 
styled, "pressure"). This unit bears a certain rela- 
tionship or proportion to the absolute unit of pressure, 
the physical significance of which is fully explained in 
most text-books of electricity. VoltmeterSj showing 
at a glance the voltage of any electric source, are 
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generally graduated by means of a standard galvanic 
cell, the electromotive force (as volts) of which is con- 
stant and well known. Either the ordinary telegraph 
Daniell cell, the volts of which are approximately 1*07, 
or Clark's standard mercury cell (volts i'434) is used 
as a standard of comparison. The electromotive force 
of any electric source (dynamo, accumulator, &c.) is 
really a potential condition, and cannot correctly be 
regarded as similar to head of water or other mechan- 
ical pressure. It may be regarded as the state of 
strain existing between the terminals of the dynamo 
tending to set up a current. If the current be allowed 
to flow the strain is at once relieved, so that in mea- 
suring the potential difference between the terminals 
the voltmeter (although connected across them) is of 
so high a resistance as to prevent the setting up of a 
sensible current. The volt is generally symbolised in 
formulae by the letter E (electromotive force). It bears 
a certain practical relationship to the other units of 
electricity spoken of below. 

Ohm. — Electromotive force or pressure cannot exist 
unless there be a certain Resistance to the flow of 
electricity. Every conductor offers a certain resist- 
ance to flow. This resistance is measured in terms of 
the unit named after the famous enunciator of the law 
of electric circuit, Dr. Ohm. Its physical significance 
and derivation are explained in most of the text- 
books. The ohm is the resistance offered by a column 
of mercury i square millimetre in cross section and 
106 centimetres long. 210 feet of No. 16 standard 
wire gauze copper wire, at a temperature of 60° Fahr., 
exhibits a resistance of one ohm, symbolised R 
(resistance). 

Ampere. — The third factor dealt with by Ohm's law 
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is that of cixrrent, or flow. It may conveniently be 
expressed as the electric flow that would occur if a 
volt pressure were applied to an ohm of resistance. 
This current is called an Ampere after the celebrated 
French mathematician of that name. It is generally 
symbolised C (current). 

The expression of these units brings us to the rela- 
tionship they bear to each other. If, now, a volt of 
pressure be set up at the terminals of a dynamo, and 
a wire measuring an ohm be made to connect them 
together, the current flowing will be an ampere, as 
explained in other words above. The law is variously 
expressed 

Electromotive force in volts . . 

Resistance in ohms = current m amperes. 

or the pressure divided by the resistance gives the 
current. The law may also be written — 

R_^ 

or the resistance can be found by dividing the pressure 
by the current ; or it may be expressed — 

E = CxR. 

In different words, the current is directly proportional 
to the electromotive force exerted in, and inversely 
proportional to the resistance of, the circuit. 

Relation of these Units to the Mechanical Power. — 
To set up a current through a resistance, energy must 
be expended ; this is called Power, or Work. The 
unit of electrical activity in a circuit, bearing a direct 
relationship to the work of the steam-engine, is called 
a watt (746 watts = i electrical horse-power). The 
watt is really a volt-ampfere. As an engineer speaks 
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oi SO many foot-pounds so does the electrician speak 
of volt-ampferes, or watts. When it is required to 
measure the work done by a current in a wire or a 
lamp, it is necessary to ascertain the amperes of 
current flowing through it, and the volts of pressure 
impelling the current. The two numbers so found 
multiplied together gives us the activity or power in 
watts or volt-amperes. 

For example, if it be required to determine the 
power expended in maintaining a certain number of 
lamps in a circuit, the voltmeter shows a pressure of 
50 volts, and the amperemeter a current of 15 am- 
peres, multiplying these together gives the watts 750, 
which, divided by 746, the number of watts in an 
electrical horse-power, shows that the circuit is con- 
suming energy of a trifle over i horse-power. 

Again, the rule may be applied to a dynamo to 
ascertain its output. If the voltmeter shows 100 
volts, and an amperemeter 10 amperes of current 
flowing in the lamp circuit, the dynamo is yielding 
1000 watts. This output is called, under the provisions 
of the Board of Trade regulation, a kilowatt^ and if 
the power so expended be continued for an hour it 
constitutes a kiUmatt-houTy which is the unit now used 
for electric lighting, in the same way as " 1000 cubic 
feet" is employed for gas lighting. A machine 
yielding a kilowatt would be known as " a one-unit 
dynamo." The machine is supposed to run at a 
suitable speed, and to maintain the current for long 
periods without heating. The performance of the 
dynamo under these conditions is called its capacity. 
Such a one-unit dynamo would light about 20 lamps, 
each taking 50 watts. As lamps are now made each 
would probably give a light of 20 candle-power, the 
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watts per candle-power being 2*5. Such a machine 
would yield, according to the definition of the watt, 
I '34 electrical horse-power. 

The Electromotive Force (Pressure) Required. 

For ^o^voll Lamps. — The volts of pressure to be put 
upon the circuits will depend upon two conditions : 
(i), upon the voltage of the lamps, and, (2), the resist- 
ance of the circuits. In a small installation 55 volts 
should be ample when 50-volt lamps are used. This 
allows 5 volts for fall of potential due to resistances 
and for increased fall of potential due to increased 
current when all lamps are lighted, which is a large 
allowance. Five per cent, is usually considered a 
large allowance from d3mamo to lamps and back. If 
the wiring be schemed according to the directions 
already given, it will cause a fall of pressure of about 
2 '5 volts for every 100 yards run. That is, if the most 
distant lamp be 50 yards away, 2*5 volts only will be 
lost in leads and returns. 

For loO'Volt Lamps. — These lamps are more eco- 
nomical to run than 50-volt lamps, but have not the 
same "life." The loo-volt lamp is very generally 
used in this country. An allowance of 100 volts, at 
least, is made for lamps, with the usual 5 per cent, 
additional for fall of pressure. The greater the number 
of lamps the greater the fall of pressure. This is due, as 
above explained, to the necessarily increased current. 
The fall of pressure of course is a characteristic of each 
installation, and cannot be exactly determined unless 
all the details of the wiring are known. Many of the 
first electricians scheme their wires on the basis for 
current of firom 1000 to 1500 amperes per square inch 
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of section, proceed to run them, and make a voltage 
allowance after taking the resistances — ^by methods 
already given — first, with all lamps " off" and parallel 
wires temporarily connected at their far ends ; 
secondly, with all lamps connected and terminal 
wires disconnected. 



The Current (Flow) Required. 

In estimating for wiring and lamps it is necessary 
to consider that we are arranging for the continuous 
consumption of power. If we spend as little money as 
possible upon copper conductors — ^just enough to keep 
them from overheating — we are arranging for the maxt- 
mum of waste of power. The conductors should always 
be as large as possible, or as convenience will allow. 
This will ensure the minimum of waste on the wires. 
The suggestion of Sir William Thomson that con- 
dtcctors should present an effective conducting sectional 
area of a square inch for each 1000 amperes of current 
carried, is only a suggestion made for the protection 
of buildings from fire; it does not imply that 1000 
ampferes per square inch is the best proportion. Many 
installations are running at 1500 and 2000 amperes 
per square inch of section of conductor. At the latter 
current the copper would become warm and would 
tend to soften the insulation. At both volumes of 
current great waste of power is incurred in the con- 
ductors. The user of the electric light would speedily 
find that 500 amperes per square inch of conductor 
was a more economical system of wiring than any 
larger proportion. But, as above stated, in house 
wiring conductors are short, and must, from con- 
siderations of bulk, be kept thin, so that for such 
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work Sir William Thomson's rule is probably the 
best. 

The current taken by lamps varies considerably for 
different lamps of the same nominal voltage and 
" watts per candle." The usual 50-volt lamps take 
approximately «;^ ampere each. The ordinary loo-volt 
lamps of 20 candle power take approximately half 
an ampere each. 

It will thus be discerned that in estimating a wiring 
system the voltage of the lamps to be used must be 
known. 

But this is rather an unsatisfactory and rough me- 
thod of arriving at the candle power and current. It 
will be seen from the table at p. 146, that the current 
and volts may vary considerably. But it is the custom 
to work the lamps at the highest practicable pressure, 
so that 100 volts is quite commonly put upon 16 c. p. 
lamps, and 120 volts upon 20 c. p. lamps; hence the 
"watts per candle" (p. 170) is as low as possible. The 
practice of the Edison-Swan Company is to indicate 
all lamps taking more than -9 ampere at 4 watts per 
candle, and all lamps taking less than this amount 
at 3*5 watts per candle. 

Roughly, an electrical engineer allows half an am- 
pere per 1 00- volt lamp and one ampere per 50-volt 
lamp, in estimating his dynamo power. 

According to this approximation the volts and am- 
peres per 100 lamps of the 50-volt class will be, allow- 
ing for "fall," 55 volts and 100 amperes. For lOo-volt 
lamps 105 volts and 50 amperes. 

Methods of Jointing the Conductors. 

Materials required. — A jointing -tool and material 
case, containing suitable receptacles for all the usual 
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tools and material ; or a leather satchel, as used for 
linesmen's tools. 

I small bench vice, i hand vice. 

I insulation knife, i scissors. 

I flat file, medium cut. 

I pair flat-nose cutting pliers, i ditto plain, i ditto 
round nose. 

I lb. tinned wire, fine, for binding joints. 

I soldering iron. 

I portable soldering furnace, i appliance (Bunsen 
burner) for heating wire by gas, i spirit jointing-lamp. 

^ lb. solder. 

I lb. resin, in a box. 

I small bottle Baker's soldering fluid, or solution of 
zinc chloride. 

3 sheets ** F. F." emery cloth. 

I tin of india-rubber solution, i do. Chatterton's 
compound. 

I lb. each of ^-in. and i-in. thin sheet wrapping 
india-rubber and india-rubber tissue. 

I lb. felt tape (compounded) for wrapping. 

I bottle strong, thick shellac varnish, 2 brushes. 

I ball spirit-lamp cotton, i tin best wood naphtha. 

Instruments. — If the wiresman is also intrusted with 
the testing of his circuit (for continuity), he will re- 
quire a linesman's galvanometer or detector, and a 
small dry battery of about six cells. Both the Le- 
clanch6 and the chloride of silver cells are used for 
this purpose. These are usually combined in one 
case, with the necessary connecting wires. 

Method of making a Common Joint in Gutta-percha'' 
covered Wire. — Cut away the insulating material from 
both wires for about 2 inches. Do not notch the 
wire in doing this. Scrape the ends quite clean. 
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Place one conductor across the other near to the insu- 
lation, and grip fast with pliers or hand- vice according 
to size of wire. Twist the conductor ends over each 
other alternately until a neat, close spiral is obtained, 
at least i^ in. in leng^. Clip off the remaining 
copper ends, and trim smooth with the file. Again 
clean the joint by scraping. Apply a very little 
soldering fluid (or preferably, resin — see "Soldering"), 
and tin the joint with the iron. Wipe carefully, espe- 
cially if fluid has been used, and it has not been all 
" burnt out" in the tinning. Proceed to stretch down 
the insulation from either side, over the joint. Keep 
the gutta-percha warm over the lamp while doing 
this. Tool the gutta-percha together with a warm 
iron where it meets, and allow it to set before finishing 
the joint. Put on a coat of Chatterton's compoimd in 
the middle of the joint, and allow to set. Take a strip 
of thin gutta-percha sheet several inches in length 
and an inch wide. Warm this up and attach one end 
to the joint. Keeping the rubber soft wrap it round 
the joint — ^it will form an enlargement. Before it 
cools work the wrapping in both directions with 
thumbs and fingers until it extends completely over 
the joint — it should be slightly thicker than the ordi- 
nary size of the insulated wire when done. Tool it 
smooth with a warm iron, leaving it smooth and com- 
pact. The joint should be capable of withstanding 
immersion in water even longer than the general 
insulation. It is essential that the hands and mate- 
rials be clean. 

Joint in an ordinary Taped Lead. — Unwind the 
insulation 4 inches firom each end and strip off 2 
inches of the interior gutta-percha. Scrape the metal 
clean. Splice or scarp the ends for \\ inches with 
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the file, so that when placed together they do not 
form a joint larger than the wire. Hold one end in 
the vice, place the other upon it. Touch with resin 
or soldering fluid and carefully solder together. File 
round, and bind upon the joint a close spiral of tinned 
wrapping wire. Solder all together. The covering 
will depend upon the insulation of the wire. Heat a 
long strip of gutta-percha and wrap it quickly around 
the warm joint. Work it lengthways until it com- 
bines with the insulation. Tool it down with a warm 
iron. Cover with a close winding of india-rubber 
coated tape, with coatings of india-rubber solution be- 
tween. The exterior covering is generally compound- 
coated tape, carefully wound in several layers, com- 
bined with the tape unwound from the wire, with 
shellac varnish between each layer. Over all a coat- 
ing of varnish. The joint must withstand continuous 
immersion in water. 

A "Y'jotnt or Branch from Main Lead. — Strip, by 
unwinding, the insulation of the main lead for about 
2 inches. Clean the copper. Strip the branch ex- 
tremity for 4 inches, and clean it by scraping. Place 
the branch across the main at right angles. The 
branch should touch close up to its insulation, and it 
should cross the main to the extreme left of the bared 
portion. Hold in position with the pliers. Proceed to 
wind the branch around the main in a tight spiral. 
Apply resin or solution and solder together carefully. 
Wipe clean. Apply coating of shellac varnish. Wind 
cotton insulation from both conductors alternately 
around the main. Shellac and varnish over all. Wind 
on a strip of gutta-percha sheet while soft, and draw 
it well over the joint. Tool it down. Cover with 
several close windings of india-rubber-coated tape, 

O 
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with coatings of solution between. Allow the solution 
to dry before proceeding. Over all wind two cover- 
ings of felt tape, with shellac varnish. The joint 
must be perfectly clean and smooth, and only slightly 
thicker than the main conductor. If the branch is 
liable to longitudinal strain, bring its end back and 
wind it several times aroimd itself while winding 
bare upon the main. If the main is stranded, 
solder the strand together before winding in the 
branch. 

Joint in a stranded Conductor. — Clear the insulation 
from either end for 3 inches. Separate the central 
strands and cut out both the central wires. Twist 
each pair of wires together separately. Twist all 
together and solder carefully. Make the insulation 
joint as before. 

General Suggestions. — The operation of making a 
good joint calls for considerable practice. Carefully 
stripping the insulation, so that it may serve to lap 
the joint, is an important point. Cleaning and tin- 
ning must be thoroughly done. Connecting or splicing 
must be neat and strong. Wire wrapping must be 
close and neat. Tinning over all must be effective. 
The subsequent operation of insulating the joint is of 
the greatest importance in wiring. The wiresman 
must not forget that he is making two joints at one 
time — a metallic conducting joint and an insulation 
joint The insulation joint must be quite as effective 
as the metallic joint. This is chiefly produced by the 
skilful use of soft gutta-percha, made to unite with 
the gutta-percha of the wire, or with tape and var- 
nish, forming when dry a solid coating of insulation. 
Unless the joints in a lead be specially made to resist 
strain such a lead must never be subjected to tension 
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after being jointed. The main outlook in jointing is to 
produce continuity of conductor and continuity of insu- 
lation at least as good as that of the general run of the 
lead. Most skilful hands produce joints much more 
conductive and better insulated than the general run 
of the wire. 

Soldering and Tinning, — A much-contested point 
amongst electrical engineers is whether resin or sol- 
dering fluid should be used as a flux. We think an 
answer may be readily found in the following : — If the 
workman is not thoroughly acquainted with the usf 
of resin, in tinning copper, let him use fluid. A resii* 
joint, unless very well made, is very deceptive, and 
may appear to be sound, when a coating of resin may 
exist between the ends to be united. If resin is pro- 
perly and sparingly used, it no doubt makes the best 
joint for keeping, or permanency. The objection to 
chloride of zinc solution is that it is sometimes left 
upon the joints and may set up electrolytic action 
when current is on, speedily destroying the joint. If 
chloride of zinc be left on a joint that joint will 
never become dry. This salt is one of those that 
absorb moisture from the atmosphere. If left upon 
iron, or, indeed, almost any metal, it tends to set 
up oxidation — in the case of iron very rapid. But 
there is no fiux so certain in its action as soldering 
fluid. There is a variety of it believed to be free from 
most of the objections to chlorine of zinc, known as 
Baker's tinning fluid. This kind is used exclusively 
by the Post Office electricians. If joints made with 
fluid can be washed and dried afterwards they will be 
quite safe ; such a joint is never deceptive. The fluid 
**flux" will make a good joint on a surface so dirty 
that resin would never permit the iron to tin. The 
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main provision in soldering joints is cleanliness—pure, 
bright copper, untouched by hand. 

All joints should be soldered. 

Electric Lamps on Gas Fittings. — ^The failures that 
have resulted from making gas fittings act as a return 
wire, in some installations of the light, should be suffi- 
cient to dissuade any further experiments of the kind. 
Gas fittings are not necessarily conductive throughout — 
joints are generally faulty points. 

But such a fitting as a chandelier may generally be 
made to serve as a " return," within itself only. That 
is, the two wires are brought to it, and one of them 
soldered to the ceiling fixture of the pendant, the 
other being taken downward to the lamps. Wire for 
this purpose must be very heavily insulated, and it 
must not be led or drawn over sharp angles of the 
metal, otherwise it may set up short-circuiting. When 
gas fixtures are to carry electric lamps only, the gas 
pipes should be disconnected from them, otherwise 
short circuits are apt to be got throughout the system. 

If both gas and electricity are to be used, the fix-^ 
tures should not, except within themselves, be used 
for return, and in any case it will be essential to ob- 
serve that the negative wire (if that wire be regarded 
as the ** return") is in every case soldered to the fixture, 
and not any wire at random, whether negative or posi- 
tive. Insulated joints for insertion in gas systems are 
coming into use for cutting each fixture off electrically 
from the main system of pipes. The gas supply is 
kept up through a tube of insulating material. 

All electric light wires must he kept a safe distance 
from gas or water pipes, 

A fusible plug must be placed in the ceiling plate, 
above each pendant carrying more than one light. 
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It may be broadly stated that all electric light fix- 
tures must be insulated from any metallic support 
they may have. 

In the ordinary wiring of a chandelier the lead and 
branches are simply led along the course of the arms, 
concealed as much as possible. If the wires can be 
completely concealed, that is done by inserting them 
beneath the ornamental coverings or shells. One 
wire only is taken to each lamp. The other contact 
is got by soldering the negative terminal of the lamp, 
or its wire attachment, to the body of the chandelier. 
Thus, the pair of wires led to the ceiling opening over 
a chandelier will form a pair of " mains," and the 
branch wires the " branches/' 

In wiring gas fixtures in which there are joints the 
connection is kept up across the joints by short 
spirals of insulated wire, flexible enough to move with 
the joints without danger of breakage. 

Electric light fixtures, intended for that purpose 
alone, are generally already wired by the makers, and 
are specially adapted, so that their fitting is a com- 
paratively simple matter. There is usually provision 
left in the ceiling rosette, or wall-plate, to allow of 
the insertion of a fusible plug there — a precaution 
which is generally observed in the case of electroliers 
with several lamps attached. 

The fitting of the incandescence bulbs themselves 
to the gas fixtures is greatly facilitated by the use of 
" adapters^' consisting of screwed nozzles fitted to the 
lamp, and with gas thread to take the place of the 
ordinary burners, usually | in. gas thread. But it is 
rather unusual and imnecessary to attach the glow 
lamps so that they take a vertical position, as in the 
case of gas burners. It is generally more effective to 
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arrange them pendant from the chandelier. This is 
easily effected by the use of ^"^ pendant arms'* with 
screwed nipples, to be fixed in the place of the gas 
burners. The lamps can, by these means, be arranged 
either pendant or at an angle of 45° with the vertical 
— a favourite and effective position for an incandes- 
cent lamp. 
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CHAPTER VI. 

INCANDESCENT LIGHTING OF SHIPS. 

The rapid adoption of electric light aboard steam- 
ships has caused a considerable demand for informa- 
tion on the subject. We propose therefore to offer a 
few hints and suggestions bearing upon the condition 
of things suitable for use at sea. But the subject is so 
wide that ship lighting might well require a treatise 
of considerable size to fully do it justice. Premising, 
however, that the reader seeking this special in- 
formation is already acquainted with what we have 
written on house lighting, it may be practicable to 
embrace the chief points of interest within even the 
restricted space at our disposal. 

Dynamos, — For use aboard ship there can be no 
doubt that slow speed dynamos give the least trouble. 
The importance of providing a ship with electric 
machinery that calls for little attention can only be 
appreciated by those who have been at sea, where the 
electric lighting has usually to be looked after by the 
engineers in turn as they come on watch. The me- 
chanical engineers, although perfectly competent in 
their profession, are not to be expected to pose as 
experts in the handling of dynamos or faulty circuits. 
Hence, apart from mere mechanical attention, the 
ship dynamo should not need any kind of supervision. 
This condition is perhaps better filled by a compound- 
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(series and shunt) wound dynamo, running at a slow 
speed, than by any other kind of machine. It must 
give a self-regulating current and pressure suited to 
the lamps. The compound-woimd dynamo, if well 
designed, can be made to regulate so closely that if 
half the lamps be suddenly turned off or on scarcely a 
flicker will be observed in the remaining lamps. A 
ship dynamo should be self-regulating down to at 
most lo per cent, of the lamps. 

If lOO-volt lamps be used, the dynamo is generally 
selected to give a pressure of no volts at least, with a 
minimum of half an ampere of current for each lamp. 
Thus, if looo hundred-volt lamps are to be run, the 
dynamo must give at normal speed 500 amperes at 
no volts. 

If 50-volt lamps be used, as is generally the case 
aboard ship, the dynamo must give a current of 1000 
amperes at 55 to 60 volts. These figures are approxi- 
mate only, depending upon the " watts per candle " 
of the lamps to be used ; upon the size of the leading 
wires and the insulation employed. The lower pres- 
sure and larger leading wires are doubtless most 
suitable for ships ; but the expense of running the 
light is somewhat greater than when high voltage 
lamps are used. The volts of the dynamo should in 
no case be less than 50, on account of the necessity 
for the use of arc lamps aboard ship, for canal navi- 
gation and unloading or loading at night. 

Driving, — A good deal of controversy has taken 
place as to the comparative advantages of belt and 
direct driving. There can, we think, be little doubt 
that direct driving — attaching the dynamo direct to 
the engine shaft — is the most generally applicable 
plan. Several special engines have been designed 
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for this purpose. A special separate engine, nicely 
self-regulating, is an absolute necessity. The main 
engines of a steamship in rough weather run at all 
speeds, and cannot be utilised for driving a dynamo if 
the machine is used for lighting lamps direct. Main- 
engine driving has, however, been tried where the 
lamps have been run off an accumulator. But if it 
comes to a question of special engine versus accumu- 
lator, the engine has decidedly the best of the case. 
A large battery of accumulators is scarcely suitable 
aboard a ship, unless the vessel carry a qualified 
electrician to run the plant. 

While speaking of accumulators it may be men- 
tioned that a small battery of them is extremely useful 
for keeping the " all night " lights going, after the 
dynamo has been stopped. Such a battery is usually 
charged by running the dynamo upon it during the 
day. But for ship work a battery of 26 cells appears 
quite sufiicient. Such an installation can only be run 
satisfactorily when tended by a man acquainted with 
both dynamos and accumulators. For further in- 
formation as to the running of accumulators the reader 
is referred to Chapter II., p. 42. 

Disturbance of the Compasses in Ship Lighting. 

The " Nautical Magazine '" for December, 1885, con- 
tains a contribution from Mr. William Bottomley on 
the subject of the probable interference with the com- 
passes by the currents used for the electric light. 
The following example of a supposed case showing 
the amount of error which may be produced on the 
compass unless precautions are taken to guard against 
it is there given : — 
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Suppose a main lead from the engine room to the 
fore part of the ship to light up loo lamps is brought 
along the centre of the ship. It may be at a distance 
of lo metres or 33 feet from the standard compass, 
and will run almost underneath it. If we suppose 
that each lamp takes one ampere of current, there will 
be a current of 100 amperes altogether in this lead.* 
Now the effect on the compass at a distance D in 
centimetres is given by the formula 

F = 2 XtVC 
HD 

where C is the current in amperes and H is the hori- 
zontal magnetic force. In this case we have C = 100 
ampferes and D = 1000 centimetres. Therefore 

P 20 0*02 

1000 H H 

At Glasgow the horizontal force may be taken as o' 1 5 

in C.G.S. units. Therefore the effect upon the com- 

'02 I 

pass will be — = — . This will be expressed in 

•15 7-5 
degrees by multiplying by 57*3 the number of degrees 
in the radian, or angle subtended at the centre of a 
circle, by an arc equal in length to the radius. There- 
fore the amount of error produced by such a current 
on the compas will be 

-5ZJ = 7'6 degrees. 
7-5 

The foregoing refers to a single wire and a con- 
tinuous current machine, but if an alternate current 
machine is employed no effect will be produced on 
the compass, even when the ship's side is used for the 

* It is unusual, however, to put more than 50 lamps upon a single lead. 



Digitized by 



Google 



COMPASS DISTURBANCE ABOARD SHIPS. 203 

return. When a continuous current machine is used 
the danger of producing an error on the compass can 
be avoided by using two wires close to one another, 
but these wires should be well insulated from the 
ship's side. If in any way one of the wires is brought 
in contact with the iron of the ship, there may be no 
change observable in the lighting, but the current 
may produce as much error on the compass as it 
would if there was only a single wire. 

The following points should therefore be attended 
to in cases of lighting ships by electricity : — 

When a continuous current machine is used the 
circuit should consist of leading and return wires, as 
in house lighting, with this difference, that the wires 
should be kept close together wherever practicable. 

Insulation resistance should be tested periodically 
to ascertain if there be any leakage to the ironwork 
of the ship. 

These precautions are recommended because in ship 
lighting, as commonly carried out, only a leading 
wire is used, the " return " being effected through the 
shell of the ship itself, e.g.y no negative wire is used. 

In the case of an alternate current machine a single 
wire may be employed, and the iron of the ship used 
to complete the circuit without producing any effect 
upon the compass. 

Error not readily Detected. — ^The question assumes 
greater importance when we consider that the error of 
the compass due to the electric lighting is not liable 
to come under the notice of the officers of the vessel. 
The routine is to determine the error (the usual 
working error) of the compass during the day, while 
the electric light is not employed. The error may thus 
be determined as usual every day, and the course of 



Digitized by 



Google 



204 INCANDESCENT LIGHTING OF SmPS. 

the ship set by these determinations ; but when the 
electric light is turned on, the course of the vessel 
may be changed, and before the light is turned oflf 
she may be several degrees out of her path. 

Mr. Bottomley refers to the case of a dynamo being- 
placed near to an iron bulkhead, the upper end of 
which happens to be near to the compass. It is as- 
sumed that the bulkhead may become so strongly 
magnetised by the field magnet of the dynamo that a 
considerable error may be produced on the compass. 

In the discussion tiiat followed a paper read by 
Mr. Bottomley at the Society of Arts,* in which 
several authorities on the subject took part, including 
Captain Creak, of the Admiralty Compass Depart- 
ment, the case of three ships lighted on the single- 
wire system with continuous currents was cited, in 
which distinct error had been observed upon the 
compasses when the lights were turned on. 

Sir William Thomson t mentions cases of large 
passenger ships lighted by continuous current on the 
single-wire system, in which as much as 4° and 5° 
of error on the compasses had been produced by the 
electric lighting. In the latest of these cases an error 
of 4*^ on the north course was found when the light 
was turned on. The light was put on and off several 
times with the ship's head north, and every time the 
same error was produced. 

Mr. Alexander Siemens, another well-known au- 
thority on this subject, points out that in calculations 
that have been made to show the effect upon the 
compass of the electric-lighting current, the screening 
effect of the iron decks had been neglected. He is 

♦ " Journal of the Society of Arts," Feb. 5, 1886. 
t See paper on the subject read before the Institute of Electrical En- 
gineers, May, 1889. 
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gether to eliminate 
the effect of their 
induction upon the 
compass, but that 
the current in the 
filament of the 
lamp itself affected 
the compass, and 
introduced an 
error. Better re- 
sults have followed 
the use of metallic 
induction screens 
for obviating this 
inductive effect, 
and there can be 
no doubt that bin- 
nacle lamps lighted 
by the current will 
soon become the 
best possible 
source of light for 
a compass in rough 
weather. 

Suez Canal Pro^ 
jector. — Owing to 
the successful use 
of the electric arc 
light the traffic has 
been carried on 
through the Suez 
Canal by night for 
some years past. 




Fig. 88.— Suez Canal Projector— Front Elevation. 



The arc lamp is placed within a projector usually 

P 
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Fig. 89.— Suez Canal Projector- 
Section. 

lighting of the ship. 



arranged as in Figs. 88 
and 89, which represents 
the form fitted to ships 
by Messrs. Paterson & 
Cooper. The projecting 
portion, shown in front 
elevation in Fig. 88, and 
in section in Fig. 89, is 
controlled by the hand 
wheel and worm-gearing 
shown. The front of the 
projector is fitted with 
the usual optical ap- 
pliance for concentrating 
the beam in a given path. 
These projectors are 
generally slung over the 
bow of the ship, at such 
a height above the water 
as will give the best 
effect. The projector is 
generally placed in a 
cage, and is kept in 
adjustment by an at- 
tendant who occupies 
the back of the cage. 
The maximum current 
put upon the projector 
is 60 ampferes at a pres- 
sure of 50 volts, and it 
is now common to run 
it off the dynamo em- 
ployed for the general 
A " choking coil " is usually 
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placed in series with the arc lamp, absorbing about 
15 volts. 

Electric projectors and apparatus are frequently 
hired by vessels passing through the Canal, when 
they do not carry a dynamo, or when the lighting 
plant aboard is working up to its full power on the 
general lighting of the ship. The night navigation 
of the Canal is very greatly facilitated by the free use 
of arc lamps placed along its sides for considerable 
distances. If this system were extended it is pro- 
bable that the use of projectors aboard the vessels 
would be unnecessary. 
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CHAPTER VII. 

MISCELLANEOUS INFORMATION. 

Abstract from the " Rules " recommended by the 
Institute of Electrical Engineers. — The committee 
appointed by the Institute, consisting of gentlemen 
well known in electrical circles, make, amongst others, 
the following suggestions, chiefly bearing upon the 
fire risks of electric lighting : — 

Conductors. 

Carrying Capacity. — Conductors must have a sec- 
tional area and conductivity so proportioned to the 
work they have to do that if double the current pro- 
posed is sent through them the temperature of such 
conductors shall not exceed 150° Fahr. 

Accessibility. — The conductors or their casings 
should be placed in sight if possible, and they 
should always be as accessible as circumstances will 
permit. 

Insulation. — Within buildings they should always 
be insulated, and this rule applies equally to all 
conductors and parts of fittings which may have to 
be handled. 

Highest Permissible Temperature. — ^Whatever insu- 
lating material is employed it should not soften until 
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a temperature of 170° Fahr. has been reached, and in 
all cases the material must be damp proof.* 

Casings, — When conductors pass through roofs, 
floors, walls, or partitions, and when they cross, or are 
liable to touch metallic substances, such as bell wires, 
iron girders, or pipes, they should be thoroughly pro- 
tected by suitable additional covering ; and when 
they are liable to abrasion from any cause, or to the 
depredations of rats or mice, they should be encased 
in some suitable hard material. 

Portable Lamps. — In the case of portable lamps and 
fittings with which flexible leads are used special 
precautions must be taken. 

Distance Apart, — Conductors should be kept as far 
apart as circumstances will permit, the spacing 
between them being governed by their potential 
differences. 

Injlammable Structures. — When conductors in very 
inflammable structures precautions should be taken 
to isolate them therefrom. 

Metallic Protection. — Conductors which are pro- 
tected on the outside by lead or metallic armour of 
any kind require the greatest care in fixing, on account 
of the large conducting surface, which would become 
connected to the core in the event of metallic contact 
between them. 

Dangers from Operations through Walls. — In cases 
where conductors pass into a building — ^from one 
building to another, or from one room to another — 
precautions should be taken to prevent the possibility 

• It may be noted, in reference to tMs rule, that, as gutta-percha softens 
at 115° F., becomes plastic at 120° F. and melts at 212 F., it is practically 
excluded as an insulator of wires when unsupported by other, and infusible, 
insulating coatings around the conductor. Vulcanised india-rubber with- 
stands much higher temperatures. 
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of fire or water passing along the course of the 
conductors. 

Joints. — All joints must be mechanically and elec- 
trically perfect, to prevent heat being generated at 
these points. When soldering fluids are used in 
making joints the latter should be carefully washed 
and dried before insulation is applied. 

Gas and Water Pipes. — Under all circumstances 
complete metallic circuits must be employed. Gas 
and water pipes must never form part of the circuit, 
as their joints are rarely electrically good, and there- 
fore become a source of danger. 

Overhead Conductors. — Overhead conductors, whether 
passing over or attached to buildings, must be insu- 
lated at their points of support. Precautions must be 
taken to obviate all risk of short-circuiting when they 
are likely to touch a building or other overhead con- 
ductors and wires, either by their own fall or by being 
fallen upon by other conductors. 

Lightning Protectors. — In the case of overhead 
wires every main should have a lightning protector 
at each point when it enters or branches into a 
building. 

Metal Fastenings. — Metallic fastenings for fixing 
conductors should be avoided ; but, when unavoid- 
able, some additional covering should protect the 
conductor from mechanical injury at such fixing 
points. 

Insulation Resistance. — The insulation of a system 
of distribution should be such that the greatest 
leakage from any conductor to earth (and, in case of 
parallel working from one conductor to the other, 
when all branches are switched on, but the lamps, 
motors, etc., removed) does not exceed one five thou- 
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sandth part (g^inr) o/^Ae total current mt&aAeA for the 
supply of the said lamps, motors, etc. ; the test being 
made at the usual working electromotive force. 

Switches. 

The main switches of a building should be placed 
as near as possible to the point of entrance of the 
conductors, or to the generators of the current. 
Switches should be provided in both leads. 

Bases, — Switches, commutators, resistances, bare 
connections, lamps, &c., must be mounted on incom- 
bustible bases. Cut-outs mounted on bases of wood 
rendered uninflammable are admissible. Vulcanite 
bases are undesirable in damp situations. 

Cut-outs. 

All circuits should be protected with cut-outs ; and 
all leads from the mains, or small conductors from 
larger ones, must be fitted with cut-outs at their 
branching points. 

When fusible cut-outs are used the section should 
be so situated within its frame that the fused metal 
cannot fall where it may cause a short circuit or an 
ignition. 

For all main conductors a cut-out should be pro- 
vided for both the "flow " and the return (-|- and — 
leading wires) ; and the two fusible sections must not 
be in the same compartment. 

Arc Lamps. 

These must be guarded by lanterns or netted globes, 
so as to prevent danger from ascending sparks, and 
from falling glass and incandescent pieces of carbon. 
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Transformers. 

When these are used to transform either direct or 
alternating currents of high electromotive force — that 
is, from or to an electromotive force of, say, 2000 volts 
— ^they, together with their switches and cut-outs, 
must be placed in a fire and moisture proof structure, 
preferably outside the building for which they are 
required. No part of such apparatus should be 
accessible except to the person in charge of their 
maintenance. 

Distance between + and — Terminals. — ^The positive 
and negative terminals connected to such conductors 
should not be permitted to be nearer each other than 
\2 inches. 

Heating. — ^Transformers which, under normal con- 
ditions of lead, heat above 150° Fahr., should not be 
permitted to remain in use. 

Danger from Internal Contact. — ^Transformers should 
be so constructed that under no circumstances what- 
ever should a contact between the primary and 
secondary coils lead a high E.M.F. into the building. 

These amended rules (certain paragraphs not per- 
tinent to our subject, or already abundantly treated, 
have been left out) were issued by the Institute of 
Electrical Engineers, April, 1888. 
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A BSORPTION of light oy glass 
envelopes, 167 
Accumulator attendants, hints to, 42 

insulation of, 42 

position for, 42 

starting of, 43 

charging of, 43 

electrolyte for, 44 

tests for full charge of, 45 

dynamo for charging, 45 

working hints regarding, 46 

rate of discharge, 46 

sulphating of, 47 

faulty cell in, 47 

short circuiting of, 48 

cut-out for, 49 

excess indicator for, 49 

automatic switch for, 49 

leads from, to dynamo, 50 

reserve cells of, 51 
Accumulators and dynamos in pa- 
rallel, 56 

voltmeters for, 59 

contact maker for, 61 

hydrometers for, 61 

switches for, 156 

in ship lighting, 201 
Adapters for gas fixtures, 197 
Adjustment of Brush system lamp, 

97 
Alternating dynamos in parallel, 54 



Alternators in paraUel, test lamps 

for, 56 
Alternating current circuits, arc 

lamps in, 100 
Alternating arc, singing of, 118 

versus continuous currents, 137 
Ampere meters for station work, 67 

unit of current, 185 
Arc light wiring and fitting, 88 
lamps in parallel, 91 
focussing, 91 
distance between carbons 

in, 91 
series running of, 92 
amperes required for, 92 
Arcs in series, regulation of, 92 
Arc lamps, volts require* for, 92 
trimming of, 93 
Brockie Pell, 94 
rules for adjusting, 94 
Brush, adjustment of, 97 
in alternating current circuits, 

100 
sizes of carbons for, 101 
n series with incandescent 
lamps, 10 1 
Arc lighting circuits, 102 
cables, size of, 104 
leads, table of sizes of, 105 
naked leads in, 109 
circuits in mills, 1 1 1 
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Arc light projector for ships* use, 209 
Arc circuit, ground leakage in, 104 
Area lighted, 167 
Armature, overheated, 29 

repairs, 39 

loose binding of, 39 

broken wire in, 40 

wire splice in, 41 
Arms, pendant for incandescent 

lamps, 198 
Arrangements, switching, 151 
Arrester, lightning, 106 
Artificial resistance for dynamos, 53 
Asbestos insulation of commutator^ 

18 
Attachment for portable lamps, 173 
Attendants of dynamos, hints to, 26 
Automatic regulation of dynamos, 6 
Automatic governors, attention to, 

31 
switch for accumulator, 49 
Ayrton & Perry's spring voltmeter, 
66 



"D ALANCING resistances, 73 
Bank of lamps as a resistance, 

53 
Bead hydrometers, 61 
Bearings, hot, 28 
Belting and speeding dynamo, 14 

lacing of, 15 

surface and power, ratio of, 15 
Best position for accumulators, 42 
Binding of armature, loose, 39 
Black insulation, significance of, 175 
Boards, fuse, 166 

Branch line and lamp switches, 157 
Brockie-Pell arc lamp, action of, 94 
Broken conductor, localising, 35 
Brush dynamo regulator, 7 
Brushes, point of least sparking for, 
II 

lead of, II 



Brushes, for dynamo, 1 6 

pressure on, 16 

material of, 16 

periodic vibration of, 17 

burnishing of, 28 
Brush system lamp, adjustment of 

lamp, 97 
Bulbs, blackening of lamp, 169 
Burned spot of commutator, causes 

of, 17 
Bumt-out coils, 36 
Butt joint in belt, 15 



I /^ABLES, mechanical protection 
of, 103 

insulation of, 103 

and wires, difference between, 
103 

for arc lighting, 104 

jointing of, 190 
Calibrating voltmeter, 63 
Capacity of switch, 160 
Carbons, distance between in arc, 9 1 

for arc lamps, size of, 10 1 
Cardew voltmeter, 57 
Case and moulding wiring, 177 
Central station work, i 

time curve in, 27 

time and current curves, 56 
Charging accumulator, 43 

dynamo for, 45 
** Choking" coils, 115 
Circuits, arc lighting, 102 

planning of, 140 

closed loop, 141 

size of wire for, 143 

methods of running, 1 75 

Ohm's law of the, 186 
Cleats used in wiring, 176 
Cleat wiring, 176 

crossing, 176 
Closed-loop circuits, 141 
Combined switch and cut-out, 159 
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Commutator brushes, 16 
material of, 16 
treatment of, 17 
lubrication of, 17 
roughness of, 19 
returning, 19 
new, fitting of, 20 
sparking at, 37 
Compass disturbance in ship light- 
ing, 201 
estimation of, 202 
tests for, 205 
Compass electric lamps, 208 
Compound-winding of dynamos, 5 
Conductor resistance, to take, 78 
stranded joint in, 194 
joints in, 190 
Conductivity test, 84 

of wires, tests for, 149 
Conduit tube for piercing wall, 1 1 1 
Connections of the dynamo, 23 
Constant current dynamo, 4 

position of the neutral point, 12 
Contact maker for accumulator, 61 
Continuous v, alternating currents, 

137 
Converters or transformers, 112 
Coil in lamp, differential or shunt, 

90 
Coils, burnt- out, 36 
Copper and aUoy fuses, melting 

points of, 163 
Crossing cleats, 176 
Curreiit, direction of, 25 
unit of, 185 

required for given lamps, 189 
absprbed by incandescent 
lamps, 170 
Currents, alternating v. continuous, 

137 
Cut-out for accumulator, 49 

and switch combined, 159 

and fuses, main, 160 
Curve, time and current, 56 



■P) AM AGE by lightning, 106 

Damp transformer, remedy 
for, 119 
Dangers due to defective wiring, 181 
Differential shunt regulating coil in 

lamp, 90 
Dioptric shades for lamps. Trotter's, 

173 
Direction of current from dynamo, 

25 
Description of the incandescent 

lamp, 168 
Distributing box system, 141 
Disturbance of compasses in ship 

lighting, 201 
Double break switches, 152 

pole switches, 153 
Driving of dynamo with rope, 15 

aboard ship, 200 
Dynamo, hand regulation of, 6 
brushes, neutral point for, 1 1 

lead of, 1 1 
management of, 12 
foundations for, 12 
insulation of, 12 
erection of, 13 
speeding and belting, 14 
rope driving of, 15 
belting and power, 15 
belt lacing of, 15 
brushes of, 16 

pressure of, 16 
material of, 16 
brush, periodic vibration of, 17 
commutator, burnt spot on, 17 
treatment of, 17 
insulation of, 18 
connections of the, 23 
magnet, direction of current in, 

24 
mechanical test of, 25 
attendants, notes for, 26 
heat and attrition of, 28 
bearings, heated, 28 
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Dynamo, overloading of, 29 

working, hints respecting, 30 
faults in, localising, 32 
earth fault at, 33 
periodic faults of, 33 
tests for leakage in, 33 

for internal fault in, 35 
intermittent faults in, 36 
coils burnt, 36 
commutator sparking at, 37 
coils, shunt circuit in, 38 
failure to excite, 38 
armature, repairs to, 39 
broken wire in, 40 
dried by steam, 41 
for charging accumulator, 45 
switching on accumulator, 50 
and accumulator, leads, 50 

D3rnamos, parallel running of differ- 
ent, 52 
periodicity of, 54 
phase of alternations, 54 

parallel, alternating, 54 
regulation of, 72 
for arcs in parallel and series, 92 
for ship work, 199 
driving aboard ship, 200 

Dynamo^oom switchboard, 122 

P ARTH fault at dynamo, 33 

Economical eflficiency of the 

incandescent lamp, 170 
Edison-Howell lamp indicator, 68 
Efficiency of the incandescent lamp, 

170 
Electrolyte of accumulator, 44 
Electricity supply, meters for, 120 
Electromotive force and current for 

incandescent lamps, 168 
Electromotive force, unit of, 184 

required for given lamps, 188 
Electrical power, estimation of the, 

184 
Electric lamps on gas fittings, 196 



Electric lamps, for compass, 208 
Electric projector for canal work, 209 
Erection of djmamos, 13 
Error of compass due to lighting of 

ship, 203 
Estimation of the electrical powtr 

required, 184 
Excitation of djmamo, separate, 2 
Excess indicat6r for accumulator, 49 



T7AILURE of dynamo to excite, 

^ 38 

Fall of potential, 127 
loss from, 129 
of accumulator, reserve 
cells for, 51 
Faults, localising dynamo, 32 
Faults and contacts, intermittent, 36 
Faulty accumulator cell, tempera- 
ture of, 48 
Feeders for parallel wiring, 126 
Field magnet, direction of cun ent 

in, 24 
Field coils, overheating of, 29 
Fire office, rules of insulation resist- 
ance, 183 
Fittings and lamps, the, 167 
Fittings for the incandescent lamp. 
172 
for ships, 208 
Fluid insulators, 108 
Fluxes for soldering, 195 
Focussing arc lamps, qi 
Foundations for dynamo, 12 
Fuse boards, 166 

Scott's safety, 167 
Fuses and cut-out, main, 160 
composition of, 163 
observations respecting, 164 
Fusible plates, 162 

plugs and branch fuses, 163 
Fusing point of copper and allovs, 
163 
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/^ AP wire gauge, 149 

^^ Gas fittings, electric lamps 
on, 196 

Gas fittings, insulated points in, 
196 
adapters for, 197 

Gauge of wire for the circuits, 143 

Gauges of wire, table of, 146 

Geipel relay, 8 

General suggestions respecting joint- 
ing, 194 

Gimmingham and Fleming's volt- 
meter, 65 

Governors, automatic, attention to, 

Ground leakage in arc circuit, 104 



TTAND and automatic regulation 
^^ of current, 5 
Hand regulation of dynamo, 6 
Hartnell's shade carrier, 173 
Heat and attrition in dynamos, 28 
Heated bearings of d5mamos, 28 
Hedges' double pole switch, 153 

fusible safety plug, 162 

fuse for switch board, 166 
Hints to accumulator attendants, 42 

working, respecting accumu- 
tor, 46 

respecting dynamo working, 30 
Holden hydrometer, 62 
Horse-power, electrical, 186 
Hot lamp, resistance of, 147 
House main switch board, 121 
Hydrometers for accumulator, 61 

bead form of, 61 

for ships* cell, 61 

Holden's, 62 



IMPEDANCE coil, 115 
construction of, 116 
resistance of, 116 



Incandescent lamp fittings, 172 
shade carrier for, 173 
fitting of to gas brackets, 

Incandescent lamps, in series with 
arc, loi 
wiring for, 124 
in general use, 167 
nature of, 168 
blackening of the envelopes 

of, 169 
current absorbed by, 170 
economical efficiency of, 
170 
Incandescent lighting of ships, 199 

lamp for compass, 208 
Indicator, excess, for accumulator, 

49 

lamp, Edison-Howell, 68 
Indicators, working, 57 
Institution of Elec. Eng., rules of, 

212 
Instruments and tools for jointing, 

191 
Insulation of dynamo, 12 

of commutator, 18 

of accumulator, 42 

resistance to take a test of, 81 

tests during wiring, 83, 86 
Insulators, pole and wall, 107 

fluid, 108 
Insulated leads for arc lighting, no 

tube for piercing wall, in 
Insulated wire, nature of, 150 
Insulation, red, significance of, 175 

black „ „ 175 

resistance rules, 183 
Insulated joints for gas fittings, 196 
Intermittent faults and contacts, 36 



JOHNSON & PHILLIPS' fluid 
"^ insulator, 108 
Jointing conductors, 190 



Digitized by 



Google 



222 



INDEX. 



Joint in gutta-percha-covered wire, 
191 
in a taped lead, 192 
cable, 194 

j^ILOWATT, the, 171 

Kilowatt-hour, 171, 187 
Key and plug switches, 159 

T ACING of belting, 15 

Lamp, Brush's adjustment of, 
99 

indicator, Edison-Howell's, 68 

pendants telescopic, 175 

power and area lighted, 167 

switches, 157 

trimming, arc, 93 
Lamps arc, focussing, 91 

in parallel, 91 

distance between carbons in, 91 

rules for adjusting, 94 
Lamps, bank of, as a Rheostat, 53 

in parallel, 136 

resistance of, 147 

and fittings, the, 167 

incandescent, in general use, 167 

blackening of bulbs of, 169 

current absorbed by, 1 70 

Law of the circuit. Ohm's, 186 

Leakage to earth, rough test for, 37 

" Lead " in adjustment of brushes, 

II 
Leads and contacts for accumula- 
tors, 50 

running for arc lamps, 102 

rule of the road for, 175 

and branches, T-joi^t in, 193 
Lightning, damages by, 106 

arrester, 106 
Lightly insulated leads, 109 
Light absorbed by glass envelopes, 

167 
Localising dynamo faults, 32 

broken conductor, 35 



Location of transformer, 118 
Long shunt compound winding, 5 
Loop circuits, closed, 141 
Lubrication of commutator, 18 
Lubricators, needle, 26 

A/T AGNET coil, shunt circuit in, 
^"^ 38 

Magnetic Voltmeters, 62 
Mains and Feeders, planning sys- 
tem of. III 
Main switches, 151 
Main switch, double pole, 153 

multiple way, 154 
Main fuses and cut-outs, 160 
Main lead, T-joint in, 193 
Management of dynamos, 12 
Materials for jointing, 190 
Mechanical test of dynamo, 25 
Meters, ampdre for station work, 67 

for electricity supply, 120 
Methods of running wires, 175 

jointing conductors, 190 
Mica for commutator insulation, 18 
Mills and factories, running arc 

leads in, 1 1 1 
Miscellaneous information, 212 
Multiple arc wiring, 125 

series system, the, 134 

way main switches, 154 

"MTAKED leads in arc lighting, 

109 
Nature of the insulation of wires, 

ISO 
incandescent lamp, 168 
Needle lubricators, 26 
Neutral point for brushes, 1 1 

constant position of, 12 
New commutator, fitting of, 20 
New buildings, wiring of, 1 79 
Notes for dynamo attendants, 26 

QBSOLETE, single arc system 
^^ the, 89 
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Observations respecting fuses, 164 
Ohm, the, 185 

Ohm's law of the circuit, 186 
Overheating of field coils, 29 
Overloading of dynamo, 29 
Overheated armature, 29 



PARALLEL running or shunt 
dynamos in parallel, 52 
running of alternating dyna- 
mos, 54 
arc lamps in, 91 
and series running of arcs, 
d3mamos for, 92 
transformers in, 119 
wiring, 125 

feeders for, 126 
Lamps in, 136 
or parallel series, 139 
Paterson's voltmeters, 64 
Paterson & Cooper's fuse-plate, 164 
Pendants, telescopic, for lamps, 175 
Pendant arms for incandescent 

lamps, 198 
Periodic vibration of brushes, 17 

faults of dynamo, 33 
Periodicity of alternating dynamos, 

54 
Personal precautions, 31 
Phase of alternating dynamo, 54 
Planning system of mains and 

feeders, ill 
Planning of circuits, 140 
Plug and key switches, 159 
Plugs, fusible branch, 163 
Pocket voltmeter, 65 
Pole and wall insulators, 107 
Portable "Wheatstone's bridge, 82 

lamps, attachments of, 173 
Potential, fall of, 127 
Power and ratio of belt surface, 15 
Precautions, personal, 31 
Pressure, fall of, 127 



Prevention of sulphating in accu 

mulator, 47 
Protection, mechanical, of cable, 103 

"D ATE of discharge of accumu- 
lator, 46 
Ratio of belting surface to power, 15 
Red insulation, significance of, 175 
Regulation, hand and automatic, of 
dynamos, 5 
hand, of dynamo, 6 
automatic, of dynamo, 6 
of Brush's dynamo, 7 
of Thomson - Houston's dy- 
namo, 9 
of dynamos to correspond with 

indicator, 72 
of arcs in series, 92 
Regulating coil, arc, single, 89 
Relation of electricity to mechanical 

units, 186 
Relay, GeipePs, 8 
Repairs to the armature, 39 
Reserve cells of accumulator, 5 1 
Resistance for dynamo, artificial, 53 
variable, 73 

and insulation tests, 74 
insulation, taking tests of, 81 
tests, 85 

of lamps in parallel, 147 
unit of, 185 
Returning of commutator, 19 
Reversing switch, 160 
Rheostat, bank of lamps as a, 53 
Rheostats, 73 
Ring-contact switches, 152 
Rope driving of dynamos, 15 
Roughness of commutator, treat- 
ment of, 19 
Rule of the road for wires, 175 
Rules of the Inst, of £. £., 212 
Running series or shunt dynamos 
in parallel, 52 
leads for arc lamps, 102 
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C AFETY fuses for transformers, 

I20 

plugs, branch, 163 

fuse, Scott's, 167 
Scott's safety fuse, 167 
Selection of a system, 137 

suggestions respecting, 140 
Separate excitation, 2 
Series winding of dynamo, 3 

running of arcs, regulation of, 
92 
of arc lamps, 92 

multiple wiring, 130 

system, the, 134 
Shade carrier, Hartnell's, 173 
Ship's cell hydrometer, 61 
Ship testing, importance of, 86 

lightmg, 199 

work, dynamos for, 199 

dynamo driving, 200 

lighting, accumulators in, 201 
" Ship-return," 206 
Ship wiring, 206 

fittings, 208 
Shocks, electric nature of, 31 
Short shunt compound winding, 5 

circuit in magnet coil, 38 

circuiting in accumulator, 48 
Shunt winding of dynamo, 4 
Singing of alternating arc, 118 
Single-regulating coil, arc, 89 

arc system, obsolete, 89 

wire work aboard ships, 206 
Sir William Thomson's voltmeters, 

6s 
Soldering, fluxes for, 195 

and tinning, 195 
Sparking at commutator, 37 
Speeding and belting dynamos, 14 
Spot, a, on a commutator, 17 
Stranded conductor, joint in, 194 
Starting accumulator, 43 
Station work, amperemeters for, 67 
Steam in drying dynamo, 41 



Steel-yard voltmeters, Thomson's, 

64 
Suez Canal projector, 209 
Suggestions for selecting a system, 
140 

respecting jointing, 194 
Sulphating of accumulator, 47 

prevention of, 47 
Switching in d3mamo at right in- 
stant, 50 
Switch-board and testing work, 52 
Switch-room indicators, 57 
Switch-board, house mam, 121 

for dynamo room and accumu- 
lators, 122 
Switching arrangements, 151 
Switch main, 151 
Switches, ring-contact, 152 

double-break, 152 

double-pole. 153 

for accumulator, 156 

branch and lamp, 157 

combined with fuse, 159 

plug and ring, 159 

capacity of, 160 
Switch - boards, Hedges' fuse for, 

167 

System of mains and feeders, plan- 
ning, III 
the three-wire, 132 
the series, 134 
the multiple-series, 134 
of wiring, selection of, 137 
distributing-box, 141 
the tree, 142 



T^ABLE of wire gauges, 146 

y-joint in a branch lead, 193 
Telescopic lamp pendants, 175 
Temperature of conductor, highest 

permissible, 212 
Tests for leakage in dynamo, 33 
for internal fault in dynamo, 35 
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Tests for leakage to earth, 37 
Testing and switch-board work, 52 
Test-lamps for alternators in paral- 
lel, 56 
Testing resistance and insulation, 

74 

box, 76 

taking conductor resistance, 78 
Test of insulation resistance, 81 
Tests, insulation and conductivity, 
during wiring, 83 

for continuity, 84 

resistance, 85 

insulation, 86 

for conductivity of wires, 149 

during wiring, 182 

for compass disturbance due to 
lighting, 205 
Thomson-Houston's regulation of 
dynamo, 9 

air-blast for dynamo, 10 

lightning arrester, 107 
Thomson's gravity voltmeter, 64 

(Sir William) rule for conduc- 
tors and current, 189 
Three-wire system, the, 132 
Time curve in lighting, 27 

and current curve, 56 
Transformer, nature of, 112 

or converters, 112 

working of, 114 

Thomson-Houston's, 114 

location of, 118 

damp, remedy for, 119 

in parallel and series, 119 

necessity for opening primary 
circuit of, 120 

safety fuses for, 120 

working off, 135 
Treatment of commutator, 17 
Tree system, the, 142 
Trimming arc lamps, 93 
Trotter's dioptric shade for lamps, 
173 



T JNIT of electromotive force, 184 
of resistance, 185 

"yiBRATION of dynamo, evil 
effects of, 13 

Volt, the, 184 

Voltage required for incandescent 
lamps, 168 

Voltmeter, Cardew's, 57 
accumulator, 59 
magnetic, 62 
Ayrton & Perry's, 62 
calibrating, 63 
Paterson's, 64 
Thomson's gravity, 64 
pocket, 65 

Gimmingham & Fleming's, 65 
Sir William Thomson's, 65 
Ayrton & Perry's spring, 66 

YVTALL insulator, 1 10 
^^ Watt, the, 186 
Wheatstone's bridge testing box, 76 

portable, 82 
Winding, series, of d3mamo, 3 

of dynamo, shunt, 4 

compound, 5 
Wire broken in armature, 40 

splice joint in armature, 41 

gauges, table of, 146 

gauges and gauging, 147 

gauge, gap, 149 

size of, for the circuits, 143 
Wires, conductivity of, tests for, 149 

insulated, nature of, 150 

methods of running, 175 

jointing, 190 

and cable leads, difference be- 
tween, 103 
Wiring and fitting for arc light, 88 

for incandescent lamps, 124 

parallel, 125 

the system of, 125 

multiple arc, 125 

Q 
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\^nri]igieriefyimilttptemethodofJ30 
▼arions t3rstcins of, 136 
lelection of a tystem of, 137 
cleat, 176 

in caset and moulding, 177 
of new bnildingf , 179 
precantioni against damp and 
short drcoits in, 180 



Wiring, tests dming, 182 

aboard ship, 206 
Woodhoose ^ Rawson's main 

iiises, 161 
Work, switchboard and testing, 52 
Working indicators of current, 57 

of transformers, 114 

off transformers, 135 



THE END. 
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EXTRACT FROM PREFACE. 

In this book the Author's aim has been to produce a work which should, 
as far as possible, truly accord with its title, viz. — a Focket Book of useful 
** Modem Rules, Formulae, Tables, and Data," the matter selected being 
such as is required for daUy use in Practical Electrical Engineering, and 

its various applications to tne Industries of the present da^ In its 

range, the book covers a very wide field of present practice, all matters 
which possess merely an historical or literary mterest being avoided. 

The volume is divided into twenty-one sections, as follows : (i) Weights 
and Measures ; (2) Units ; (3) Temperature ; (4) Electro-Chemistry, 
Primary Batteries, and Accumulators; (5) Electro-Metallurgy; (6) Cur- 



rents; (7) Resiilance; (8) Capacity; (9) Galvanometers; (10) Fault 
Testing; (11) Wire; (12) Insulated Wire; (13) Electiic Light Leads; 
(14) Electric Light Dynamos and Motors; (15) Rules and Regulations ; 



(16) Telegraph Apparatus; (17) Telephone; (18) Miscellaneous; (19) 
Mathematical Tables; (20) Fc reign Moneys; (21) Dictionary of Tech- 
nical Terms. 
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** We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable. " — A thenaum. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC 

LIGHTING. By Alan A. Campbell Swinton, Associate I.E.E. 

Second Edition, Enlarged and Revised. With 16 Illustrations. 

Crown 8vo, is. 6d. 

" Anyone who desires a short and thoroughly clear exposition of the elementary 

principles of electric-lighting cannot do better than read this little vioTk.y ^Bradford 
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ELECTROPLATING : A Practical Handbook. By J. W. 
Urquhart, C.E., Author of "Electric Light, its Production and 
Use,*' " Electric Light Fitting,'* &c., &c. Second Edition, thoroughly 
Revised and Enlarged. With numerous Illustrations. Crown 8vo, 
5s. cloth. 
" The information given appears to be based on direct personal knowledge 

Its science is sound and the style is always clear." — Aihenaum. 

ELECTROTYPING : The Reproduction and Multiplication 
of Printing Surfaces and Works of Art by the Electro-deposition of 
Metals. By J. W. Urquhart, C.E., Author of ** Electric Light, 
its Production and Use," " Electric Light Fitting," &c., &c. Crown 
8vo, 5s. cloth. 
''The book is thoroughly practical. The reader is, therefore, conducted through 

the leading laws of electricity, then through the metals used b^ electrotypers, the 

apparatus, and the depositing processes, up to the final preparation of the work." — 

Art Journal. 

ELECTRO-DEPOSITION: A Practical Treatise on the 
Electrolysis of Gold, Silver, Copper, Nickel, and other Metals and 
Alloys. With Descriptions of Voltaic Batteries, Magnet and Dy- 
namo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of Uie Art, and several Chapters 
on ELECTRO-METALLURGY. By Alexander Wait, Author 
of <* Electro-Metallurgy," &c. With numerous Illustrations. Third 
Edition, Revised and Enlarged. Crown 8vo, 9s. cloth. 
* Evidently .written by a practical man who has spent a Ipng^ period of time in 
ctroplate workshops. The information given 1 

manipulation is remarkably complete.*' — Nature, 



electroplate workshops. The information given respecting the details of workshop 
manipulation is remarkably complete.*' — Nature, 

ELECTRO -METALLURGY: Practically Treated. By 
Alexander Watt, F.R.S.S.A. Ninth Edition, Revised, uim 
Additional Matter and Illustrations, including the most lecent Pro- 
cesses. i2mo, 3s. 6d. cloth boards. 
" From this book both amateur and artisan may learn everything necessary for tha 

successful prosecution of electroplating." — Iron. 

CROSBY LOCKWOOD & SON, 7, Stationers* Hall Court, London, E.C. 
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PRACTICAL BOOKS FOR E NGINEERS. 

THE PRACTICAL ENGINEER'S HANDBOOK, Com- 

prising a Treatise on Madem Engines and Boilers, Marine, Loco- 
motive and Stationary. And containing a large collection of Rules 
and Practical Data relating to recent Practice in Designing and Con- 
structing all kinds of Engines, Boilers, and other Engineering work. 
By Walter S. Hutton, Civil and Mechanical Engineer, Author of 
"The Works* ^Manager's Hand-book for Engineers," &c. With 
upwards of 370 Illustrations. Third Edition, Revised with Addi- 
tions. Medium 8vo, nearly 500 pp., price i8s. Strongly bound. 
'' We have kept it at hand for several weeks, referring to it as occasion arose, and 

we have not on a single occasion consulted t its pages without finding the information 

of which we were in K^&sX!*~AtkenoBuin. 

THE WORKS* MANAGER'S HANDBOOK OF MO- 

DERN RULES, TABLES, AND DATA. For Engineers, 

Millwrights, and Boiler Makers ; Tool Makers, Machinists, and 

Metal Workers ; Iron and Brass Founders, &c. By W. S. Hutton, 

Civil and Mechanical Engineer, Author of " The Practical Engineer's 

Handbook." Fourth Edition, carefully Revised, with Additions. In 

one handsome Volume, medium 8vo, price 15s. Strongly bound, 

" The author treats every subject from the point of view of one who has collected 

workshop notes for application in workshop practice, rather than fiom the theoretical 

or literary aspect. Tne volume contains a g^eat deal of that kind of information 

which is gained only by practical experience, and is seldom written in books."— 

Engineer, 

THE PRACTICAL MECHANIC'S WORKSHOP COM- 
PANION. Comprising a great variety of the most useful Rules 
and Formulae in Mechanical Science, with numerous Tables of Prac- 
tical Data and Calculated Results for Facilitating Mechanical Opera- 
tions. By William Tkmpleton. Sixteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hut- 
ton, C.E., Author of *' The Works' Manager's Handbook." Fcap. 
8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative 
Diagrams, 6s. Strongly bound for workshop or pocket wear and 
tear. 
" In! its modernised form Hutton's * Templeton * should have a wide sale, for it 

contains much valuable information which the mechanic will often find of use, and 

not a few tables and notes which he might look for in vain in other works." — English 

Mechanic. 

TABLES, MEMORANDA, AND CALCULATED RE- 
SULTS, FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and arranged by Francis Smith. 
Fourth Edition, Revised and Enlarged, 250 pp., waistcoat-pocket 
size, is. 6d. limp leather. 
'* It would, perhaps, be as difficult to make a small pocket-book selection of notes 

and formulae to suit all engineers as it would be to make a universal medicine ; but 

Mr. Smith's waistcoat-pocket collection maybe looked upon as asuccess^l attempt.** 

'-'Engineer. 
" A veritable pocket treasury of knowledge." — Iron. 

CROSBY LOCKWOOD & SON, 7, Stationers* Hall Court, London, E.C. 
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VI ADVERTISEMENTS. 

Crown SvOf over 600 pages ^ price 1^1^ cloth, 

LOCKWOOD'S 

Builders' and Contractors' Price Book 

FOR 1891. 

ENTIRELY RE-WRITTEN, RE-MODELLED, AND MUCH 
ENLARGED, 



TmS old-established STANDARD PRICE BOOK FOR THE 
BUILDING TRADE, having becD entirely Re-writteu, Re- 
modelled, and much Enlarged under the supervision of Che Editor, Mr, 
Francis Miller, A.R.I.B.A., will be found to contain, in the raost con- 
venient form for reference, full details of the most Recent Improved 
Methods of Oonstruction, and every special feature of ^lodem 
Building — such as 

ELECTRIC LIGHTING, 

VBimXaLTXOir, and tll« 1I11WII8T SAHZTABT APPTiTAIffCTBS. 



THE PHCENIX FIRE OFFICE RULES 

FOR 

ELECTRIC LIGHT INSTALLATIONS 

AND 

ELECTRICAL POWER INSTALLATIONS 

Are also given in fiill. 



In order to enhance the usefulness and convenience of the Price-Book 
for the purposes of daily reference, the entire work has been re-set in a 
new and elegant type. With these improvements, the work will un- 
doubtedly maintain its position as the Handiest and Completest 
Price-Book for Builders and Contractors. 

CROSBY LOCKWOOD & SON, 7, Stationers' Hall Court,London,E.C. 
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7, Stationers' Haix Court, London, E.C< 
March, 1891. 

A 

CATALOGUE OF BOOKS 

INCLUDING NEW AND STANDARD WORKS IN 

ENGINEERING: CIVIL, MECHANICAL, AND MARINE, 

MINING AND METALLURGY, 

ELECTRICITY AND ELECTRICAL ENGINEERING, 

ARCHITECTURE AND BUILDING, 

INDUSTRIAL AND DECORATIVE ARTS, SCIENCE, TRADE, 

AGRICULTURE, GARDENING, 

UND AND ESTATE MANAGEMENT, LAW, &c 

PUBLISHED BY 

CROSBY LOCKWOOD & SON. 

MECHANICAL ENGINEERING, etc. 

New Manual for Practical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers: Marine, Locomotive and Sta* 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constitnting a 
comprehensive Key to the Board of Traoe and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Waltbr S. 



HuTTON, Civil and Mechanical Engineer, Author of "The Works' Manaeer's 
Handbook for Engineers," &c. With, upwards of 370 Illustrations. Third 
Edition, Revised, with Additions. Medium 8vo, nearly 300 pp., price i8j. 
Strongly bound, 

isr Thit work is designed as a companion to the Author's "Works* 
Mama^obr's Hano-book.*' It possesses many new and original features^ and eon- 
tains, like its predecessor, a quantity of matter not originally intended for publico^ 
tion, but collected by the author for his own uuinthe construcHoH of a great variety 
of modem engineering work. 

The information is given in a condensed and concise formt and is illustrated by 
upwards 0/S70 Woodcuts; and comprises a quantity 0/ tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Emoimbs, Boilbrs 

MHd OTHKR EnGIMBBRIMO WoRK. 

%♦ Opinions of the Press. 

" We have kept It at hand for several weeks, r-ferring to it as occadon arose, and we have Mt 
on a single occasion consuked its pages without fi. 'ang the information of which we were in quest. ' 

" A thorooghly good practical handbook, whi:h no engineer can go through without le a rnin g 
something that will be of service to him."— Mari/u En^rineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
•Of^Dibtttiskg." —Scotsman, 

"TWs vahiable manual enibo<Hes the results and experience of the leading authorities oa 
mechanical engineering."— ^Mt/iftM^ News. 

" The author has collected together a surprising quantity of rule5 and practical data, uid has 
Shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind publbhed, and will be a very popular compendium. —Enftneer. 

" A mass of information, set down In simple language, and in such a form that It ^ be eadly 
referred to at any time. The matter is uniformly good and wcH chosen, and is p^^^^^*^ 
bytheiUnstrations. The book will find its way on to most engineers shelves, where it will rank as 
one of the most useful books of reference."~/>ra</*dK/ £n£iMetr. 

" FuU of useful information, and should b^ found or the ofgce sbolf oC sB pncHcal « 
^^nglish Mechanic. ^ 
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Makeri; Tool Makers, Machinists, and Mefal wirksr^ : 7m u*, 

of "The Practical Engineer 8 Haiidl>ook.*^ Fourth Edition, c^Ml% 
and partly Re-wrlttcn. In One haadsomo VoJume, medium Bvo,V 
strongly bound. ' ^ ,,^^^1 

l^ The Author having compiled Rj^Us ixmd Data /or A« oJ^in^tV 

..^ ^ *»* Opinions or THE PiiR-*:« 

" Th« author treats erwy subject from the poll > t of 7^* „ " r „ „ 1 .t. » h « , i* -.j 
notes for application in worlihop practice. rathSrV.^^r*-*'^,^'^?^* "^^ ^** coCecM 
TOlume contains a jreat deal of thit kindbf inform 4 nf^.fl'i" 'k *" ' ''*'>'^^t*^^' *f ■- J|f«^^rT « 
•ace, an4 is seldom written in books.-'-£>Je5^'*''''" i^hi^Ji « finaiijed only hypt^^U^ 

"The volume is an exceedii^hr usefuTone. brtmA.i ._i.* _„,_, . 

rules, and weU worthy of beiny on c^ery mechaScSfSSn J2S S>SKh2? """^^ F^"^ 
^ " The information is pre^ely that likelyto ^ r-^.^^ * bookshett —AfecAuiHUt> 
desirable addition to the 'Ubrary not oilyH^f the W;/£^S2S^/^^^^^ • - • ^* """ 
general enpneerinif/'—AftwtW^M^rwa/. ^O'to manafpw, but o/'anj'oxi* c<?J 

"A formidable mass of facts and fi^ur^ nM/fn. .....^--n.. 

.... Such a volume wiU iS^foimd aGJSeh?^s^^SfS**^K?'^«* «» 

"^ r?rHs connected with the metal tradS^_iJ5w*/?JL^ * >^J^. ""^ '«^«'< 

•• Bnmful of useful information, stated to a cori^STfo^t?,^'*'*^^^'**^^^^ 'V^ ^(S^^'o;:: 

Ingjj^nt amonsr engineers. The book mu^ pr^e St:^-;i?""°r f '^J^Aa^^^^^ '^^ 
VOf&vasoiZ 9. zo^y:' -Practical Enj^Hter. ^ extremely us^ul to cvexy ^ ^t^ ^ 

JPracHcal Treatise on Modem Steam Tt^^w ^^<v "^^^ 
STEAM-BOILER CONSTRUCTION ap^^^^^^,^^^ 
for Engineers. Boiler- Makers, and Steam Us;« ^r^ f^-*^-^ "^ 



X 



STEAM-BOILER CONSTRUCTION 
ioT Engineers, Boiler- Makers, and Steam Usi 
lection of. Rules and Data relating to the Desie' 
of Modern Stationary, Locomotive, and M^in 
S. HuTTON Civil and Mechanical Engi^eS 

tt ts expected, be ready in April. **^*'*^'"''*'- " « »» active Preparation ^'''^f^ 



lection of Rules and Data rSa inrto the De^ltf^ Containing a ^^^^ 

of Modern Stationary. LocomotWe, aSi M^Se' £e^'^^ 

S HuTTON. Civil and Mechanical Engineer 4 f,??"^*''>''«- ^i^^^.O^V*^ 

Manager's Handbook," "The PracUcS IS^rl w*''" il^ " T'b/ ^Ar^^S^T 

upwards of 300 Illustrations. """^^ *'°«"»e«r« Handbook/?^? Wi^^^S^ 

I^Si* ThiK lUnvb «e mm.,.^'**^^ ^^ AJ.1 *^. »i~-'Csfc.» 
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i f^^S^*^ ^^''J h?.^*"^ Voj? 1"^ ^^ti n,_ ^° ^ I'^ra^ir* lI^L* 'book w*^ .^i J t.« v>l«*H»^ 




'Te^Z. •' 



"fOR^ re^dxr tis^-Tvil, nnd tirustworili v Iinformation for X t" -r -r*. 
is Jock- 1 fliers J IV*£iii3.g^oi-s of Barn I^:^il„ F-late, sine! ^Ira^-* 
iad JVJ^t^I r^*z>pr^*Je^s .' Iron S^iipt a. n d Bridt^'e Jt* u.i 1 <:^ ^ ^rs 
-and CJorisxiirj n*^ E: rtt^ineers ; Aroli i t^icr t5?. Con t r-a. <i=^ t: c;:^ i" •= 

i- hoote 1^,1 s not its «=<aii»l, "-— Vi-^*,. 
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4 CROSBY LO CKWOOD iS* SON'S CATALOGUE. 

Engineering Construction* 

PATTERN-MAKING : A Practical Treatise, embracine the Main 

Trpes of Engmeering Coustniction, and incladiDS G«aring, bow Hand and 

Machine made, Engine Work, Sheaves and Pulleys, Pipes and Columns, 

Screws, Machine Parts, Pumps and Cocks, the Mouldine of Patterns in 

Loam and Greensand, &c.. together with the methods of Estimating the 

weight of Castings; to which is added an Appendix of Tables for Workshop 

Reference. By a Foreman Pattern Maker. With upwards of Three 

Hundred and Seventy Illustrations. Crown Svo,, 75. 6d, cloth. 

** A well- written technical guide, evidently written by a man who understands and has prac> 

ti%ed wlut he has written about . . . We cordially recommend it to eneineeriog students, yen s 

juiuneyroen, and others desirous of beinsr initiated into the mysteries of pattem-makintr."— ^Mti^l^cr. 

•• We can confidently recomm«id this comprehersive ix93\ix.' — Building Aews.- 

*' Likely to prore a welcome guide to many workmen, especiallv to draughtsmen who hare 

bcked a training in the shops, pupus pursuins' their practical studies m our factories, and to tm^ 

pk^yers and managers in engineering works, —//artfttwrf TrtuU youmtU. 

"More than 370 illustrations help to explain the text, which is, however, always dear and ex« 
pUcJt, thus rendering the work an excellent vatU mtatm for the apprentice who desires to becooM 
master of his XnAt/^EnglUh MtchanU, 

Uictionary of Mechanical ^engineering Terms. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 

PRA CTICE OF MECHA NIC A L ENGINEERING, embracing those current 

in the Drawing Office, Pattern Shop, Poondry, Fitting, Turning, Smith's and 
Boiler Shops, ac. &c. Comprising upwards of 6,000 Definitions. Edited by 

A Foreman Pattkrm-Maxkr, Author of ** Pattern Making." Crown 8vo, 

75. 6d, cloth. 

** Just the sort of handy dictionary required by the varioos trades engaged in mechanical en- 
ghieering. The practical engineering pupil will find the book of great ▼alue in his studies, and 
erwy foreman engineer and mechamc should have a copy."— £MiUit$jgr News. 

^' Aiter a careful examination of the book, and trying all manner of words, we diink that the 
engineer will here find all he is likely' to require. It will be largely used."— ./Var«ai/ En^nter. 

" One of the most useful books which can be presented 10 a mechanic or student." — English 
Mechmnic. 

" Not merely a dictionarr, but, to a certain extent, also a roost valuable guide. It strikn us as 
a happy idea to combine with a definition of the phrase useful information on the subject of which 
It XtetiXs."— Machinery Market. 

**No word having connection with any branch of constructive engineering, seems to b« 
omitted. No more comprehensive work has been, so far. ')sxaitA."—Kn<rwU€^e. 

" We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
s udents everywhere "—CoUitry Guardian, 

titeann BoUevs. 

A TREAIISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E. Firai Edition, 
lamo, 65. cloth. 

*' The best treatise that has ever been pubBshed on steam boDen."— J?«^fifrM»r. 
"The author shows himself perfect master of tiis subject, and we heaitily recommend all en* 
pl<>yiog steam power to possess themselves of the work."— t^Awttf V Ir»H TrtuU Citxulmr, 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stabilify, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.T.C.E., Author of " A Treatise on Steam Boilers," &c« Second 
Edition. Crown Svo, 3*. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical in treatment."— • 
TMe Local Government Chronicle. 

" A valuable contribution to the literature of scientific building."— 7*^^ Buildtr, 

lioHer Making, 

THE BOILER-MAKER'S READY RECKONER 6. ASSIST- 
ANT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clarf, 
M.I.CE. Third Edition, 480 pp., with 140 Illusts. Fcap. Svo, 75. half-bound. 
** A most useful work. ... No workman or apprentice should be without this book."— 
iron Trade Circular. 

" Boiler-makers will readily recognise the value of this volume. . . . The tables are dearly 
printed, and so arranged that they can be referred to with the greatest fsdlity, so that it cannot M 
dnnbted that they wifl be generally appreciated and much used."'— Mining x^umeU, 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
huildings. By Walter Jones. With upwards of 50 Illustrations, crown 
8vo, 2s. cloth. 

** We confidently recommend all interested in heating by hot water to secure a cotnr of this 
valuable little treatise."— 77(« Plumber and Decorator, 
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MECHAmCAL ENGm£EliING, eU. 



Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sap- 
plement on Gas Engines, and Part II. on Heat Engikes. By T. M. 
GoooBVK, M.A., Barnster-at-Law, Professor Df Mechanics at the Normal 
Scl^^l of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," " The Elements ot Mechanism," &c. Eleventh Edition, 
Enlarged. With numecous Illustrations. Crown 8vo, 6s. cloth, [^ust published, 
"Professor Goodeve has sfiven us a treatise on the steam engine which will beat compariM>n 

With anythinsr written by Huxley or Maxwell, and we can award it no higrher praise." -£«^»««»-. 
.,'' Mr. Goodeve's text-book is a work of which every youn? encineer should possess himself." 

^Mtning journal. 

"Essentially practical In its aim. The manner of expositien leaves nothfag to be desii«d."— > 

Oas Engines* 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine^ by T. M. Goodkvb, 
M.A. Crown 8vo, as. 6d. cloth. 

.. . ** ^^^ i^ **'■• Goodeve's writings, the presmt is no exception in point of general excellence. 

It is a valuable little yKAMm^'—Mechaniail fVorld, 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Enginkbr. Sixth Edition. Sewed, 64. 
*'If steam-users would but learn this little book by heart boiler explosions would become 
sensations by their nxity. "—Engrlish Mechanic. 

Office Booh for Mechanical Engineers, 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 48 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A, Folio, half-bound. 
Price £s 55. ^Nearly ready. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, f)r 
Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket-size, 3s. 6d. cloth ; 4s. leather. 
*' These tables are designed to meet the requirements of every-day use ; they are of sufflH^t 

•cope for most practical purposes, and may be commended to engineers and users of steaiu.'*— 

Iron. 

" This pocket-book wen merits the attention of the practical engineer. Mr. Foley has com* 

pOed a ve^r useful set of tables, the information contained in which is frequently required by 

engineers, coal consumers and users of steam."— /r^M cmd Coal Trades Review, 

Fi/re Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES, With 

a History of Fire-Engines, their Construction, Use, and Management ; Re- 

marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 

Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 

Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.B. With 

numerous Illustrations, 544 pp., demy 8vo, £1 4s. cloth. 

•• To such of our readers as are interested in the subject of fires and fire apparatus, we can most 
heartily commend this l>ook. It is really the only Engliw work we now have upon the subject."— 
SttgiH*eriH£: 

" It displays much evidence of careful research ; and Mr. Yonne has put his fitcts neatly 
together. It is evident enough that his acquaintance with the practical details of the constructioh of 
•team fire engines, old and new, and the conditions with which it is necessary they should comply, 
b accurate and fa]L"—En£i*uer, 

Estitnating for Engineering Work, £c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, 12s. cloth. Ijfust published. 
•• This is an exceFent and very useful book, covering subjectmi»tter in constant requisition in 
every factory and workshop. . . . The book is inval uitble, not only to the young en^^eer. but 
also to the estimate department of every wot)ls."— Builder. 

" This book bears on every p vre evidence that it has been prepared by an engineer accus- 
tomed to the work, and is no mere compilation, but contains a mass of valuable intormatien o> a 
kind useful even to experienced engineers."— /V«f /tea/ Engineer. 

" We accord the work unqualifivd praise. The information is given in a plain, stralghtforwar 1 
manner, and bears throughout evidence of the intimate practical acquaintance of the author with 
vrcty phrase of commercial eagia'ieiing."-~Mec/tanical lyorkU 
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• 6 CROSBY LOCKWOOD & SON *S CATALOGUE. 

THE POPULAR WORKS OF MICHAEL REYNOLDS 
(" The Enoink Driver's Friend "). 

Locotnotive-Engine Thriving* 

LOCOMOTIVE-ENGINE DRIVING : A Practital Mwnual for 
Engineers in charge of Locomotive Engines. By Michael Reynolds, Member 
of the Society of Eneineers, formerly Locomotive Inspector L.B. and S.C.R. 
Eighth Edition. Inclading a Key to the Locomotive Enoimb. With Illoa- 
trations and Portrait of Authcnr. Crown 8vo, 45. 6d. cloth. 
" Mr. Reynolds has supplied a want, and has supplied it welL We can confidentijr recommoid 

the boolc, not only to the practical drirer, but to ereryone who takes an interest in the peribnnanca 

of locomotive engines."— 7)%< EHpineer. 

"Mr. Reyn(Mds has opened a new chapter fai the literature of the day. This admirable practical 

treatise, of the practical utility of which we hare to speak in terms of warm commen dation."— 

" Evidently the work of one who knows his subject thoroughly."— Railway Service Gazette, 
*' Were the cautions and rules ffiven in the book to become part of the every-day wockios of 
cor enfifine-driTen^ we mififlit have fewer distressing: accidents to deplore."— ^co/irMaM. 

Stationtxrg Engine I>riving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Engineers in charge of Stationary Engines. By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
*<The author b thorousfhly acquainted with his subject^ and his advice on the various points 

Inated is dear and practical. ... He has produced a manual which is an exreedingly useful 

one for the class for whom it is specially intended." — Bngineerinf. 

*' Our author leaves no stone untiurned. He is determined that his readers shaD not only knew 

tc»nethin£ about the stationary engine, but all abeut it."— Engitteer. 

"An engineman idio has mastered the contents of Mr. Reynolds's bookwOl require but littie actual 

•xperience with boilers and engines before he can be trusted to look after theva."—£ttsriishM(4JiaHic 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 

ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 

Engines and their Inventors. By Michael Reynolds. With numerous mtis- 

trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6^. cloth. 

^ " From the technical knowledge of the author it will appeal to the railway man of to-day more 

forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech* 

nical kind, and facts that every driver should be £uniliar with."— EMg^lish Mechanic 

"We should be glad to see this book in the possession of everyone in the kingdom who has 
•ver bid, or is to lay, hands on a locomotive engine."— /r^t. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown 8vo, 95. cloth. 
" A popular explanation of the different brakes. It will be of great assistance in forming public 

opinion, and will be studied with benefit by those who take an interest in the brake."— fytf/irA 

Mechanic. 

" Written wifli sufficient technical det^ to erf*J» the principle and relative connection <rf tiie 

various parts of each particular brake to b* t^»^as gnsp9a."—MtchaHicai fVorU, 

Engine-Ihriving Life. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown 8vo. is. cloth. 

** From first to last perfectly foscinating. Wilkie CoUins's most thrilling conceptfcms axe tiurown 

Into the shade by true incidents, endless in their variety, related in every page."— //or/A British Mmii. 

" Anyone who wishes to get a real insight into railway life cannot do better than read ' Ensrina* 

Drivtag Life' for himself; and if he once take it up he will find that the author's enthusiasm ana real 

k've 01 the engine-driving profession will carry bim on till he has read every page."— t^i/Mr<^ie«va^». 

docket Companion for Enginefnen. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Roysu i8mo, 35. td., 
strongly bound for pocket wear. 
" This admirable work is well suited to accomplish Its object, being the honest workmanship of 

K competent engineer." — Glasgow Herald. 

" A most meritorious work, giving in a succinct and practical form all the information an engine 

Binder desirous of mastering the scientific principles of his daily calling would require."— J/»^rr. 
" A boon to those who are striving to become efficient mechanics."— Z>a//y Chronicle, 
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CIVIL Eh^GWEERlNG, SURVEY WG, etc. 



French-English Glossary for Engineers^ etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. 200 pp. Waistcoat-pocket size, 15. &/., 
limp leather. 

** It oucrht certainly to be in the waistcoat-pocket of erery professional man."— /roM. 
"It is a very great advantage for readers and correspondents in France and England to have 
•o large a number of the words relating to engineering and manufacturers collected m a liliputian 
volume. The little book will be useful both to students and XraytHX^K."— Architect. 

" The glossary of terms b very complete, and many of the tables are new and well arranged. 
We cordially commend the hwi^Lr^MtchanicalWorUL 

I^ortable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansbrough. With 90 Illustra- 
tions. Crown 8vo, 3s. 6d, cloth. 
"This is a woric of value to those wiioase steam machinery. . . . Should be read by every 

coe who has a steam engine, on a farm or elsewhere."— i/arA Lane Express. 

" We cordially commend this work to buyers and owners of steam engines, and to those who 

have to do with- their construction or xxse."— Timber Trades ypumal. 

" Such a general knowledge of the steam engine as Mr. wansbrouKh furnishes to the reader 

ihould be acquired by all intelligent owners and others who use the steam engine. "—Building' News. 
" An excellent text-book of this useful form of engine, which describes with all necessary 
, _. _ ^ . .^^ Hints tc " ' * • . • . ' 



s the details of the various devices. . . * The Hints to Purchasers ' contain a good deal of 

conimonsense and practical wisdom."— fM^/ir A Afechanic. ^^ 



CIVIL ENQI NEERINQ, SUR VEYING, etc. 

MR. NUMBER'S IMPORTANT ENGINEERINQ BOOKS. 
The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humber, A-M.Inst.C.E., and 
M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction," 
dec. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s, elegantly and substantially half-bound in morocco. 

mienin, 

CaMtiin.^XTll. DlttrttiHtlop qf W*ter.-XlV. 



Lutof CiittteHtu, 



Meters, Servke PJpcs, antl House Fittings*^ 
XV, The [j* ail J Economy of Water Wutkw 
XVJ. Consdnc and InlprmTttent SuppJy.— 
XVIL Descri^TLEon rjf PEntM. — Append{i:s4, 
eiv^g Tal>l4» of Rfitcs of Supply, Velctciticb 
jEt ate ii7igeth«wSt]iS|icfrilcat[iin! ofiievenil 
Works tEluiittatcdK amoisi} whldi *LLlbe fotmcl: 
Abei^if&n, Uid<:fQrd, t asit*rb'jry, Duiid«w 
HaiLfAX, Laoibetlv Rothetluii], LtubUn. mna 
otiien. 



I. Kktnrical Sketch of sumo of the uieans 
EhMt have b«fl til ripred fur Ui e S« p^i-l jf of vvatEi 
to Ckie* and Towdi.— II. Water aiirl the Fhj- 
migu Mall« liiually aisockted vllh St.— IJI. 
ftalkrtiJl tnd Evapofatlon.— IV. &pi^a^ and 
tha water bearLcvk^ rofmatlsiii of nrioua dis- 
Ciict^H—V. MeaxuTcmetit and EjtEmation of the 
rtow ttt Water— VI. On the Selection of the 
Source rf Supply -VI L Wclls-Vlll. RcMf- 
TQEra.-lX. The r»UTtficatlotl of WltM.-X. 
fujnpa. — XL rumpiLL^ Machinery. — XII* 

" Thfr most systcmjiic vid valuable worfe vpon. wAter EUppljr hTtherto piwcluced In EtifflEsIl, Of 
|xk any cj[ hMt Uri)^ Li.ijro+ , + , Mr, H umbers Work is chiractpriscJ aliiiLiat iht>4'^i^\.iQU,t by an 
«xhamtfv«n«» mucli more di^tinaive of Fiflucti and Qenasji tlun of English tvdmiu) trtatises," 
•^Sttgineer. 

" We can ooogprmtulate Mr. Htunber on harlng been ftble to gho so large an amount of bfbiw 
mation on a subject so important as the water supplv of cities and towns. The plates, fifty in 
iiuml>er, are mosdy drawings of executed works, and alone would have commandea the attentioa 
of every engineer whose practice may lie in this branch of the profession."— ^»»^<a^. 

C(Mt and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive. By 
William Humber, A.M.InstC.E., and M.Inst M.E. Third Edition, Re- 
Tised and much improved, with 115 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text In Two Vols.f 
imp. 4to, £6 16s. 6d. half-bound in morocco. 

'*A very valuable contribution to the standard literature of dvfl engineering. In addition to 
tfevations, plans and sections, large scale details are given which verv much enhance the instruc- 
tlve worth of those iUustrations.''— Cr»t/ fi«/i««r a«rf Architect's youmai. 

••Mr. Hmnber's stately volumes, lately taued— in which the most important brld^res erected 
during the last five years, under the direction of the late Mr. Brund, Sir W. Cubitt, Mr. Hawk- 
Shaw, Mr. Pagei Mr. Fowler. Mr. Hemans, and others among our most eminent engineers, are 
diawn and specmad In preat detait"— f iv^mmt 
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CROSBY LOCKWOOD ^ SON'S CATALOGUE. 



MR. H UMBER'S GREAT WORK ON MODERN ENQINEERINQ. 

Complete in Four Volumes, imperial 4to, price fit z35., balf-morocca Bach 
Volame sold sepaxately as toUows :— 

A RECORD OP THE PROGRESS OF MODERN ENGINEER- 
JNG. First Sbriss. Comprising Civil, Mechanical, Marine, Hvdraulic, 
Railway, Bridge, and other Engineering Works, &c. By William Humbkr, 
A-M.Inst.C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 



Vlctoils Statloo and RooC L. B. & S. C. R. 
n platOT); Southport Pl«r (a plates); Victoria 
Station and Roof. L. C. & D. and G. W. R. (6 
plataa); Roof of Creinome Music Hall ; Bridge 
over G. N. Railway ; Roof of Station, Dutch 
Rhealrii Rail (s plates); &1dg« over the 



Thamea, West London Extendon Raflwar tt 
^ates); Anuour Plates: Suspension Bridge, 
Thames (4 plates); The Alien Engine; Sn» 
pension Bridge, Atoii<3 plates); UndeipxMind 
Railway (3 putes). 



'* Handsomely lithographed and printed. It will find tkTOur with many wfto dedre to pi es em 
la a pennanent form copies of the plans and specifications prq>ared for the guidance of Oie coo- 
ttadon for many important engineering wotksr—Engifuer, 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Sbriss. Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress* 
Specifications, &c., £3 31. half-morocco. 



List of the Plates and Diagrams, 
Bfikenbead X>ocict, Low Water Basb (15 
' Charing Cross Station Rooi; C. C. 
(3 plates); DigsweU Viaduct. Great 
Railway: Robbei 



and Abennvenny Railway; Ebbw Vladiicl; 
Merthyr, Tredegar, and AbeinTenny Rail* 
way ; Collie Wood Viaduct, Cornwall Rail* 



way ; Dublin Winter Palace Roof (3 plates) | 
'je over the Thames, L. C. & D. Railway 
(6 plates) ; Albert Harbour, GreeHock (4 platcc}. 



^tes); Charing Cross Station Rooi; C. 
Railway (3 plates) ; D' " •" - - " 

Northern Railway: R< , 

Great Northern Railway; Iron Pennanent 
Way; Clydach Viaduct. Merthyr, Tred^ar, 

** Mr. Humber has done the profession good and true service, by die fine collectioa of examples 
he has here brought before the profession and the public."— ^rtMMoi/ Mechanic's yourtuU, 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Sbribs. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
': M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpressi Spect- 
^ fications, Ac., £3 ys, half-morocco. 

List of the Plates and Diagrams. 



MAIN DRADVACB, M«rROTOl,tS.— North 
Side.— Map showing Interception of Sewers ; 
Middle Level Sewer (a plates) ; Out&U Sewer, 
Bridge over River Lea (3 plates) ; Outfall Sewer, 
Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking Railway June- 
tion; Out(all Sewer, Bridge over Bow and 
Barking Railway (3 plates); Outfall Sewer. 
Bridge over Cn^t London Waterworks' Feeder 
fs plates); Outfall Sewer, Reservoir (3 plates); 
Outfall Sewer. Tumbling Bay and Outlet : Out- 
fall Sewer, Penstocks. South Sule.—Ouiba 
Sewer, Bermondsey Branch (2 plates) ; OuttaU 

" The drawings have a constantly increasing value, and whoever dedres to 
santations of the two great works carried out by our Metropolitan Board will ' 
yrohimeJ^—EH^ifuer. 



Sewer, Reservoir and Outlet (4 plates) ; OntfiUI 
Sewer, FUth Hoist; Sections of Sewers (North 
and South Sides). 

Thambs Embankmbnt.— Section of Rhrer 
Wall ; Steamboat Pier, Westminster (a phtes); 
Landmg Stairs between Charing Cross aixd 
Waterloo Bridges; York Gate (2 plates); Over^ 
flow and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier, Waterioo Bridge (3 plates); 
Junction of Sewers, Flans and Sections; 
Gullies, Flans and Sections; Rolling Stock; 
Granite and Iron Forts. 



Mr. HumlMHr's 



HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive LeUerpress, Speci- 
fications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



Abtey MlPl Pumping Stallflti,, MaJn tJrnin- 
WBt, MetrO^iulis £4 ptfit**]-; BafFCiw lJrJ^:l£4 {k 
|ju[«4 t MpiitquLi vMycE, SiuKtagu anf] VaJ- 
Ijaritio R.^ilitrnif fa pJaiei)! Artani's l.^n;orao- 
tlve. Si. II don't Canal RAiJ*ay (apt.jcfis); 
Cannon Slrtiil ^t^Eii^n Roof, Qojutm^ Cross 
Rai'vavfj pliir^sa] e Roa,d Br1<le« aveftli&liirer 
"-■ t It iifaifeij; TelfljjrnphSc Ap^iariiw-i for 



Mesopotamia ; Viaduct ovwr the River Wi 



'vC 



Midland Railway (3 plates) ; St. Germans 
duct, Cornwall RaOway (3 plates); Wrov 
" irlinder for DIt ■ 

, -S); Mllroy S 1 aicui tiJk\.^vmi,wtj mcwo* 

politan District Railway (6 plates); Hiurbouxit 
Ports, and Breakwaters (3 plates). 



>'ay (a plates); Wrought- 
Iron Cylinder for Diving Bell ; Millwall Docks 
(6 plates); Milroy's Patent Excavator; Metro- 



*' We e'^^y welcome Bncihet y*.*t\ issue of this valuable publication from the able pen of 
M'f Hunkb^f, The accurtcy ^k| gc:L^trr^L «xcellence of this work are well known, whUe its useful* 
BHE In rfvfng the msasuremtHits and ^^ttnj}» of some of the latest examples of engineering, «« 
carried out by the mD!.t eminent men in th« profession, cannot be too highly prixed."— ^rtfacn. 
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statics^ Graphic and Analt/ti^ 




Qlhrr Ff 



By R. Hudson Grahaw, C.E. Containini i^^ ^i^rs^ -^^^^i^'putf ' 
W jth nu merou s E la mp] es, many taken f r tS»^ ^ ^i^^ tn^s. ^^ ^^ H^l^ 
airanfjcd for Class work in CoJleRts and O rTi^^^^^stijiE: ^i?^^ 5^^^ 
viaed and Kikbrj^iid. Bvo, i6j. cloth. '^^^^raiUe^ Sccoad Ed 



"Mi. GrabuB't hc^tk «iU find k piacc *iic!"^er£T%t>ta^ 



■■ Tb* wertt ii »c1^^at]t fretti A practical potnt of vli^^ * 

■mcii cire. The djjnrtions for work^nf Fire acnple, gii,^^» *n<l ha^. . ^ ^ fS-enCly bwn pfi 

atudenVs Text Book on Su,^^^^;^^''^ ^Su**fir*-*--^ --'^ 
PRACTICAL SURVEYING: A T^ S^* -- . c, , 

parioK for Elimination or for Snrvey. * ^^t^Bool*^ ' f «r„ ??' 

W, UsiLj,.A-M.I.CE.. Amhflr of-Thfe ^f** ^n the <^'?'*'''i^^ ^? 
Great Britain/' With Pour Lithogmphi* ^V**^stics o *" "^^^'^iY^V^'^ ^ 
tions. Secopd Edition, Revksd. Crci^j, V**^* i^ad ^J F-^'J™?^ 3.ia 

•'ThcbMl formsof iriilmitvchtslircdoscribe,! ^J' **"^0, 7i. 6^^ C^f*=>E"' L/Kil > 
■mpbifineflti and tbcre aic Lnpynicrablp hints oii vv,,^^ **» tbeir *-rtr.-- t*^'*^'^'*'^' "'^^ "^^ 
CktJericnce » SBrreyor. .JrjuE"lif3n]nn ar>d tp*i=!i_^ .*^ s*ix*l fcnr.i^^^^-^ c ^■J'^'^ ?* '^'5 «uti 

Ine thit the student will find it m. ^'^Uit ^^^.^''^^Yltio^ „^^ ^^ li^M'^er /lO htsit^^^^ 
IlB cirvcs lo Ix nrcoipiLwd as the first boot *hlch ^^ *^^^T%^i^^^7^^^ t-rcd*'dc.^t>^ ^' 
^klineerfng, Aid cTfiry ETentlciiMIl <!(f C^MCAtiou i»K-l^^^^^ lift ^.^ ^ * f » * JiAii'fS of a p^,. y' 
lui^a M CQpy.--^r,*.fisrf. ■* ^^O setjjl SSt f^i *^ V^ *J-:>«^<* *^^ find ii 

^ "A irerr uscrul pracEl^l tiandlHwkoii fie\j out for ^jj^^ <_*^ n 

i8w«^^ Practice, ' '*^' 




SecdDd Edition, Enlarged. Ure^^*5^^ Mannl/' ^^Mad^^'L '^'^^^^^J'/' 

W£*rfrf««. * ^^^^^'S'nt t^*?'"* f°r the surveyor. p^fjediitTf^^ 

— llurcd Laslnjctaons affordt-d lU \ii pa^^^ - . ^^V^JTTa *„ . .^ _„ Wes. olid Study vcU 

" Th. fluth L>r l>ri«e» to hi* work a fS; .7::^^f/I^J.^J^^^^ tl In th-rlr Ubr^^'^ 

iCrfeilce Whl 



*■ The fluth L»r l>rie»e» to hi* warJc a fori jr*^=''J'i>*C'^^^=** t* l>i their lltir^*'=^ 
lifted by 1 t:ifMj andludd etyte of writing Tj^^'fc ui^r ^^'fanrfioB, _*j^tJ exnerfeisa 

mirveying, Land an^^^'^'^^S'S- ?^^^^ 

LAND AND MARINE Srr **'*»*^C. ^ is,, 

paraiioa of Plans for Hoaaa ^^^ ^ t^£:vrKrr ?« -R^r^ference to*^®^*^' 

Inslrunients, By W. D. Hask^^^- W M?^,^^ ' Canals, ^'^^J^^ ^f Suri^^JJ/] 

ttrnciion," &c. Second Edit ii^^-i-, ^li^^^^^^'^'P*'"^ ^5^ W Vi^daCiCoT] 

li«U, rwling^aMLired that it w]]Tptore t k * *«> tv/^^^'^* with Additions J-ar^e cr.OFOj^^Jr c^ 

lt^*tarefuUywntl*nMdir*li«bIit,^f^ rJV ?C ^ taircfiiUludy.' ^J/^^A'i"«<:«' ^''^^M 

" ./i^T' , .^tt. ""^^Xifc »i^^ aid ofastudtnL We c^n stTonjjfj'ifeconunead 



out of the works* Shaft-aii^^ -C, TTsjr^ 
Levelling iinder^ound, S{,'>} ^^uH ^ ^ * 



PRACTICAL lUNI^^j^ 



Ee veiling under^ound, sT, J? K_^^ 9 ' Explai^vng m detai) the c^*.u- 
of the Brickwork o^ r^,j,r^tii^^^^^^ H^adUi ^driving, Rana^s the P^^^^^g' 
Cost of. th^vanons port ion5' ^ill?^^^tme, TLmbRymg. ana tS^ c>^ ^ft 
M.Inst.C.E. Th^rd Edit |^^ ^f U? ^^^ amount o^ ^'^^^t t^Q^iiS'^^^^iMfZ: 
MJnst-CE. Imperial aV^*l. ^^^.^ork^ By Fi^^'^^«^<^k1^^^^ 
EngravinRS, 30.. clolh, *" ^<*. Wut^isedW Attended by D kii"*^^ I o^^^ 

' ThflEllmatfnQ in which Mf ^, ^^^ a r ^r,-^^ Plates fti^V ^^^Hil^,'^,?* 

thumb Bct of tunq^lt l* *»» t^JL* ^>n«.»^ ^ ._ , ^^!Ml ij,,^! 
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14 CROSBY LOCKWOOD * SON*S CATALOGUE. 

ARCHITBCTTTRBi BUILDmOi eto. 

dmatructian. 

THE SCIENCE OP BUILDING : An Elmentary Treatisi on 
the PrincipUs of Constructum, By E. Wtndham Tarn, M.A., Arcbitec*. 
Third Edition, Revised and Enlarged, with 59 Engravings. Fcap. 8vo, 4*, 
cloth. {Just published, 

** A Tary valuable book, which w itronjg ly recommend to all students.'*— .5w<A<rr. 
**No architectural student should be without this handbook of constructional knowtedge."— i 
jttxhittO, 

Villa Architecture^ 

A HANDY BOOK OP VILLA ARCHITECTURE: BHnf^ m 
Series of Designs for Villa kesidences in various Styles. With Outline 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England," oc. 61 Plates, 4to, £1 iis. 6d. half-morocc«p 
Kut edges. 

** The whole of tiie designs bear eiridence of tiielr being the work of an artistic architect, and 
they win prove Tery Tainable and suggestive."— ^m«A/<i^ AWm. 

Text'Book for Architects* 

THE ARCHITECT'S GUIDE: Being a Text-Book of Usefid 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
works, &c. &c. By Frederick Rogers, Architect, Author of " Specificar 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. doth. 

" As a text-book of useful information for architects, engineers, surveyors; dec. It would be 
lUrd to find a handier or more complete little r6liime,"Sta*tdartl. 

■ *' A young architect could hardly have a better gaid»'bodk.'''—71lmdtr Trades youmat, 

Taylor and Cresy^s Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly Revised bv the Rev. Alexander Taylor, M.A.(son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Cha^ 
lain of Gray's Inn. Large folio, with 13c Plates, half-bound, 3^3 35. 
N.B.—This is the only book which gives on a large scale, and with the precision 

of architectural measurement, the principal Monuments of Ancient Rome in plan, 

elevation, and detail, 

Taylor and Cresy's work has firom Its first pabBcatloB been ranked among those profesdonal 

books which cannot be bettered. ... It would be difficult to find examples of drawings evea 

among those of the most painstaking studepts of Gothic, more thoroughly worked out than are tiM 

one hundred and thirty plates in this rolaBat.''—jircMtut, 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in A rchitecture. By George Pyne. With 14 Plates, 4to, 
7s. 6d, bo^ds. 

Sir Wm. Chamhers^s Tt^eatise on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
21S. cloth. 

House Building and Repairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro* 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Miller, 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised. Crown 
8vo, 35. 6d. cloth. 

"In two years it will repay its cost a hundred times owt!r."—FitUt, 
" A veryluuidy book."—- ffw/^* MtcMat$ic 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 31 Plates, with Introduction, 
General Explanations, and Description of each Plate. By James W. Bogus, 
Architect, Author of " Domestic Architecture," &c, 4to, los. 6d. cloth. 

IJu^t published. 
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ARCHITECTURE, BUILDING, etc, 15 

The New Builder^s rrice BooJc, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers and Contractors. Re- constructed, Re-written and 
Greatly Enlarged. By Francis T. W. AIillbr. 640 closely-printed pai 
crown 8vo, 45. cloth. 1^^^* publisi 



Greatly Enlarged. By Francis T. W. AIillbr. 640 closely-printed pages, 
crown 8vo, 45. cloth. S^^^* published, 

' This book is a very useful one, and should find a place in every English office connected with 



the buildinff^and engineerin|7 professions."— //t</'^/W«f. 

"This Price Book has oeen set up in new type. . . . Advantage has been taken of the 
transformation to add much additional mformation, and the volume is now an excellent book of 
seference. "—Architect, 

" In its n«w and revised form this Price Book is what a work of this k'nd should be— compre* 
hensive. reliable, well arranged, legible and well b ^uod.' — ^r« ish Archuect, « 

** A work of ostablisbea reputation."— ^r/t«»tfum. 

" This very useful handbook b well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure accuracy."- ^<;; ning Advertiser 

J>e8igning, Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS, Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contract?, by B. Wtndham Tarn, M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vo, 7$, 6d. cloth. 

** Well fulfils the promise of its title-pa^ and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students." — Ettfinetring. 

"This edition will be found the most complete treatise on the principles oT measuruig and 
▼ahiing artificers' work that has yet been publish6d.''—£$tiUlt'M£jVews, 

.Jacket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C, Beaton, Author of 
" Quantities and Measurements," &c. Fifth Edition. With 53 Woodcuts, 
waistcoat-pocket size, is. 6d. gilt edges. 

"No builder, architect, surveyor, or valuer should be without his * Beaton.' "-'Bui/ding^ News. 

"Contains an extraordhiary amount of information in daily requisition in measurme and 
•Btlmating. Its presence in the pocket will sairc valuable time and Uouble."— ^MtZt/^^ tVorld, 

i>onald8on on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or. Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing np 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates, 
£i lis, 6d, cloth. 

"In this work forty-four specifications of executed works are given, Inchiding the apedfica* 
tkms for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkabla 
document. It embodies to a great extent, as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as a 
l>ook of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Specifications* 
must be bought by all ardbiUcts."— Builder, 

Bartholomew and Rogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE, 

A Guide to the Architect, Engineer, Surveyorj and Builder. With an Essay 

on the Structure and Science of Modem Buildmgs. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 

added to by Frederick Rogers, Architect. Second Edition, Revised, witn 

Additions. With numerous Illustrations, medium 8vo, 155. cloth. 

** The collection of spetifications prepared by Mr. Rogers on the basis of Bartholomew's work 

b too well known to need any recommendation from us. it is one of the books with which every 

young architect must be equipped ; for time has shown that the specifications cannot be set askl* 

tfarough any defect in xXmva."— Architect. 
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i6 CROSBY LOCKWOOD <» SON'S CATALOGUE. 

Building ; Civil and Bcclesiasticai. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyraoud, 4c. 
Py Sir Edmund Beckett, Bart., LL.D., F.R.A.S., Author of "Clocks and 
Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth« 
" A book which is always amoshiff and nearljr always instructive. Tbe styl« throu^MNit is ia 
th^ highest degree condensed and epifrrammatic"— Tii'MCf. 

Ventilation of Buildings* 

VENTILATION. A Text Booh to the Practice of the Art of 
Ventilating Buildings. With a Chapter upon Air Testing. By W. P. Buchan, 
R. P., Sanitary and Ventilating Engineer, Author of " Plumbine," &c. With 
i;o illustrations. lamo, 45. cloth boards. IJ*^^ published. 

The Art of Plumbing. 

PLUMBING. A Text Booh to the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on House Drainage, embodying the 
latest Improvements. By William Paton Buchan, R.P., Sanitary Engineer 
and Practical Plumber. Fifth Edition, Enlarged to 370 pages, and 380 
Mastrations. xamo, 45. cloth boards. 
** A text book which may be safely put in the hands of ertry young plnmber, and which will 

also be found useful by architects and medical profeisors."— ^MiACrr. 

" A valuable text book, and the only treatise which can be rtgarded-as a really rellabto manual 

of the plumber's ut.'—BMiJding' News. 

Geometry for the Architect, Engineer, etc* 

PRACTICAL GEOMETRY, for the Architect, Engineer and 
Mechanic, Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," dec. Second Edition. With xya Illns- 
trations, demy 8vo, 9s. cloth. 

"No book with the same objects in view has erer been published In which the clearness of ths 
fful-«s laid down and the illustrative diagrams have been so %aitisiaxtorj."—Sc»tsman, 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or. Problems Resolved 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols. By Olivbr Byrne. Coloured Plates. Crown 8vo, 3s. 6d, cloth. 
** The treatise is a good one, and remarkable— like all Mr. Byrne's contribution* to the sdencs 
of geoowtsy— for the hidd character<yf iu teaching.'— ^M</if»i^ Aevs, 



DECO RATIVE ARTS , etc 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Buro and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio^ 
iSi by lai in., Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Editioa. Price £1 us. 6d, 
Liet 0/ Plates. 

:'^ ing F^<l:.h<^ Specimen— TO, MahoeuyrSptdnieiiii 
=i-^ J. WftlJl al '. rT*]i miliar jf S Lajes of tii „ , , Jng ot viriyut Grailii «D'I M elhod^ o i ItilanipulBtioa 
Hi^ Piabhed Specimen — ^. 100^ w^ iot -^vi, aT.Mahoganj': EirliH-TSrajTciiadFLaisJied 

' " ■ " ■ -' ■ ■ ' Sptcifimn— as, ai J4. Slfrnita JvtiLrblfll Voiictla 

Of Gniin, f'rclinitirary £[a|£Wi and FLnlUjed 
Sptcijiirn— li jfi, Kj. Tuiuper Wood: Methods 
of i>rodiii:in4' Gralrh, ol^.'. Pcelimiuary 3tag«i 
and FlEiLbhtd SjJtcirnen — aR, tck ^a. Vert da 



I. VirioiK Tools TKinlrtd for Wood V^ Jng 

\. Wftliiut: rreliiniiiarjf SLajis of tii^uJng 

Piabhed specimen — ^. 100^ w^ for 

^_ jtlc J'il[blifi+f *ncl Meltiod of ManipuktJr- 

i,6. Si. Re [Til MartnkL Eartioi ^jperitioiis 



Hubtle J'il[blifi+f *ncl Meltiod of ManipuktJon— 
*,6. Si. Re [Til MartnkL Eartioi ^jperitioiis and 
Fmislied Hpccijucn— 7. Methpd* nf Eik^tcMng 



difltrept CralnsK KjlDt^ *e,— *, ^ AtJi; Pre- 
. liTotimrv Staffn aAtl Fliiiiihed ttp^cicntQ — so. 

Eflfclie Mai Her FrpJioii tii ry StiP'S o\ Wrjrking 



-13. Slip 



of Working UnFiiusbad onA FLaishQii £r«t[« 
neiu^^x. 51 31. Oat : VuietJes af Grnln, Tootl 
EmpJuyeHt and Mtlhnds of M am pijljiE Eod, Ptc^ 
Hmin^ry StagE^ &itd Finisfaed Specui«n— 3^ 33. 
|6.^ WaLLknrt MlrUle: Vanedex of Cniq, UlV 



»Kci FLoithed Sf^iccun^fl— 13. Ml pie : Mrtb' 

of Fr^uc^nf the di^cnrut GraJiM— 14, ig. Bird'i- 
ey* Mipk: PreLimJiury SUe«l AfHi], tkii&tied 
SpT^rtmen— jfi HeiJu^i of fiKelclung Ui* dif. 
fi!«itit Spr. Lm of Whlit MwMflt— 17, la. White 
Uftrble: FreiimJiaiTr Siiga ol Prouu and 

%• Opinions op the Press. 

" Those who desire to attain skill in the art of painting woods and marbles will find adrantage 
fai consulting this book. . . . Some of tfa« Worlung Men's Club* should give tbeir young mea 
the opportunity to study it."— ftui/tier. 

*' A comprehensive guide to the art. The explanations of the Processes^ tiie Bumlpulatioa and 
management of the colours, and the beautifiillv executed plates will not be the iMSt Taluable to the 
Student who alius at making his work a faithful transcript of nature."— J^M^^tVi JVevs. 
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__ DECORATIVE ARTS, eU. Vf 

bouse Decoration. 

ELEMENTARY DECORATION. A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration off 
Dwelling HOnsfes, ftc By Jamks W. Facby, Jun. With 68 Cuts. lamo, 2S. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By Jambs William Facey, Author of " Elementary 
Decoration," &c. With numerous Illustrations. i2mo, as. 6d, cloth limp. 
N.B.—The above Two Works together in One Voh, strongly half-bound, 5*. 

Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. By Gboroe Fibld. New Edition, Revised, Enlarged, 
and adapted to the use ol the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings, zsmo, 3«. 6iU 
cloth boards. 
**Tlie book is a most useful rtntnu of tiie properties of pigments."— ^MtZiftr. 

House fainting, Grainingf etc. 

HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 
IFJ^/r/iVG, A Practical Manual of. By Ellis A. Davidson. Fifth Edition. 
With Coloured Plates and Wood Engravings. i2mo, 6s. clolh boards. 
** A mass of informatioii, of use to the amateur and of value to tlie practical muk."—Sn£UtM 
Mechanic 

** Simply inrahiable to the yo uu gs t er entering^ upon this particular caQing, and highly service 
able to the man yiho is practising Slt^'-FumitMrt GaweUt, 

DecoratorSf Receipts for. 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, is. in wrapper. 
** FuU of receipts of value to decorators, painters, gilders, &c. The book contains the gbt of 

larger treatises on colour and technical processes. It would be difficult to meet with a work so fbll 

of varied information on the painter's art"— ^Mtf<f^»^ A''(nvjt 

" We recommend the work to all who, whether for pleasiure or pn^t, require a guide to decor»> 

tton."— iVwmArr and DtcortUor, 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 

By J. Moyr Smith. Super*royal 8vo, with 32 full-page Plates and numerous 

smaller Illustrations, handsomely bound in cloth, gilt top, price i8s. 

" The book is wen illustrated and handsomely got up, and contains some true criticism and ■ 
food many good examples of decorative treatment. "— T^ BuileUr. 

" This is the most daborate and beautiful work on the artistic decoration of interiors that we 
h ive seen. . . . The scrolls, panels and other designs from the author's own pen are very 
btautifiil and chaste : but he takes care that the designs of other men shall figure even more thar 
his omi.'''—Liver^ Albion. 

" To all who take an interest in elaborate domestic ornament this handsome volume will be 
wdcooie.'*— ^fK^Aiie; 

British and Foreign Marbles. 

MARBLE DECORATION and the Terminolofy of British and 
Foreign Marbles, A Handbook for Students. By George H. Blagrovb, 
Author of '* Shoring and its Application," &c. With 28 Illustrktions. Crown 
-8vo, 3s. 6d. cloth. 

** This most useful and much wanted handbook should be In the bands of every architect and 
tmilder.**— ^M</<f>-»^ fyor/ti. 

** It b an excell e n t manual for students, and interesting to artistic readers generally."— .So/Mr^fd^ 
Ktview. 

** A carefully and usefully written treatise ; the work is essentially practical."— kS^v^mai*. 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons and Students. By Arthur Lee, Author of '^ A 
Visit to Carrara," •• The Working of Marble," &c. Small crown 8vo, 2s. doth . 
" A really valuable addition to the technical literature of archiects and Besons."— f xsMtNtf 
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DELAMOTTrS WORKS OH tUUMiHATIOH AHO ALPHABETS. 



A PRIMER OP THE ART OF rLLUMmATTON, far the Use &/ 
Begirtnen : with a Rudimffntary Treaitsc on the Art Practical Dlrtctionsfor 
its exercise^ and EKHmpEes taken frDm lllummdted MSS,, printed in Gold ana 
Coloura, By F, DELAUotTl, New and Cheaper Edition. Small 4to, CJ-onia- 
nientai lioards. 
" The narnpSH <Kf ancient MSS, recominenrted to *** fbident, VhtcK wiOi math food *™«^ 

Ills lut^nr rhnovci frftjn c ciUvttioiii Bccessiblfl tc lil, «ra selected wiU> JuJftuent md tno#lt<JiE, 

Ma wall u tt^tt^'—AiJitKititm, 

ORNAMENTAL ALPHABETS, Andeni and Meiurval from the 
Eighih Cmtafy, with Numerals ; incItidlnR Gothic, Church-Tent, large and 
imaU, GFrniAtiT I tali an, Arabesque, Initida for llluniinatlon, Monotiams^r 
CroBMSf &Ck ^c^, for the use of Architectural and EneineerinR Draughtsmen, 
Missal Painters, Masons, Decorative Painters, LitLoEraphera, En pavers, 
Carvers, StC. 4c. Collected and Engraved by F^Delamotte, and printed in 
Colciiiri, New and Cbeapei Editioji. Royal Svo, oblong* 3i. M, ornamental 
beards. 
"+ Ftnr tlvise who loserttnametlfrcl senleftcai round gflfle*1 dbftHcesi, who^tEfnon shnpteeenrts d*m 

riu^'iJcKirV *h.o Lctlgr cJtur ch wiiMi witli p\ibf MQticncel itom tLe Ducalo^^ Lha [»c)i( wiH bc iis^ 

EX^JIfPLES OF MODERN ALPHABETS, Plain and Ornamental: 
includinK German, Old Enp^lish, S^xon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^osaing, Tuscann Riband, Gothic, Rustic, and Arabesque; 
with several Origitifll De=.ii,ma, and an Analysis of the Roman and Old En glifih 
AifihabetSf large and &ma\U and Numerals, ior the use of DraiiKhlsnien, Sur- 
veyora, Masons, Decorative Patntcrs, Lithographers, Engravers, Carvers^&c. 
Collected and Enf^raved by ¥. Delamottk, and printed m ColouTi New 
and Cheaper Ediiioa. Royal ^vo, oblong, if. Gd. ornamental boardA. 
" There H cwupf{M^(] Im it crtty possilto iliape tuto which the letters of the iJphahct vnA 

nmerjUji can tie fuTinbcl, in^t tb& tilent ichlicli hcu b«en expowteiJ ia the coQceptEoa oi Uie Tfjioui 

plain in J oituiucbUt Inturs ii woa^6rFal^"^SJ^rtdArd. 

MEDIMVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F- G. DEtAifOTTE* Containing 4i Plates and Illuniinitetl 
Title, printed in Gold and Colours, With an Intiodtictioa by 1, WilU! 
Br&okSh Fourth and Cheaper Edtiion. Small 4to, 41. ornamental boards. 
"A YoluiB« tn which tht \rtttts of the alphabet c«n0 rorth glorified Lb ipMuif aad«U tb« colour 

oC tiia priitD IntcTwovaii aod Entcrtwlnad And lntertulll|f led. "— jTkh. 

THE EMBROIDERER'S BOOK OF DESIGI^. Contaioinj 
Initials, Bmblems, Cyphers, Monograms, Ornamental Borders. Ecctesiastics 
Devices, Medisval and Modem Alphabets, and National EmbleiUB. Co! 
kcted by F. Delauqtta, and printed In Colouii. Oblnng loyal Evo^ 11. U 
oruaifleatal wrapper. 
"The book wiU be of j^wit judftince te biLllen uid v«jn? chfldrcn wtKi are endowi^d «r|th a 



Wood Carving^ 

INSTRUCTIONS IN WOOD-CARVING, for Armiienrs: wit 
Hints on DeaigEiH By A LalDt, With Ten Pla^lea, New and Cbeaper Editioi 
Crown Svo, «. in emblematic wrapper, 

''Tht hflndlcnlt of the ifood'<»rTWH so well u a bocdc c«q Udp*rt (t may b« teunt fi»m ' 
L«dy'&' iJLibljt'atldn."— WjAi-nrf^iWf, 

'< The dUreclJojii ^tvcb ud ptun am^ «aidly niuderstc^HL"— f/^kr^l MteMarttt^ 

Glass Paint in ff, 

GLASS STAINING AND THE ART OF PAINTING 01 
GLA SS. From the German of Dt. Gks^eht and EuAKuai. Otto From be* 
With an Af^pendix on Tus Aet or £11411 ELLit4a« limo, u. §d. doth limp. 

Letter Faintingm 

THE ART OF LETTER PAINTING MADE EASY. B 

}iiuEs GREia Saoehocr. With 13 Mi-page Engraviugs of Bxamplett u. £ 
cloth limp, 

" The ^item i<i ■ rimple ore. but quite nrt^nil, txid wvD *«t!h tba careful atteuti&n at let' 
[i«iai;«ni It cu tj« v^s\y maut^J and rtQiciiibeTv^''^if*tfif^ ^twM, 
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#a CkOSBV tOCKlVOOD ^ 50V *S CATALOGUB. 

Timber Merchant's Companian^ 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION. Contftlnifl^ New and Copions Tables of tbe Reduced Wci^bt and 
MeuoremeDt of D«aJi and Batt&nfi, of all lizei, fTom One to a ThoDS^iid 
Piece&p and tht relative Price that each &ire be»r<i p*f Lineal Foot to any 
Kivej] Price per Peterabure SUtjdird Hundred ; the Price per Cube Fool of 
Sqaue Timber lo any given Price pet Load of 50 Feet; tbe {>foportionAta 
Value ot Dtiah and Batteos b? the Standard^ to Square Timber by the Load 
of SiO Feet; tbe readiest mode of ascertatnmg the Price of Scaattiog per 
LiQeal Foot: of any eize* to anv given Fii^re per Cobe Foot, &c. &c. By 
WtLLtA^u Ddwsihg, Fourth Edition, Revised and Corrected, Cr.8i?o, l.s. cl 

^ Et«ryth.!tn|; » 14 cnndK ind ciecr ng It cui |>n-&'&ibLy be madp. TherE can bq qq doubl Lh4t 

"We ate giti:! t«> Ke 1 fourtii edtti^Ht uf Ihc^se aJiniratiJe taLilev which Tnr cCMTKtiiBfi& AUd 
iJintiHckjr of Kmn^rtnenr lea re v^Ahin^ \q l>e dEsirtMt"— Ttmtvr Trudej JaurtuiL 

"An Axcecdijnklir wdJ-imng^, ciur, ami cpqoh mAimil d tatiks ft^r ths 11a of iH wka buj 
IDC mD tildhfti.'"— y™m»/^if#ritrhTf. 

Practical Timber Merchant, 

THE PRACTICAL TIMBER MERCHANT. Bdng a GaidtJ 
for the Bse of Building Contractors, Surveyor*, Builders, &c», comprisiQg 
Dfelu] Tables for all purposes connected with the Timber Trade, Marks ol 
Wood Efi^ay on the Strent^th of Timberj Remarks on the Growth of Timber, 
&c. By W. R]CHAKi3SOMi. Fcap. Svo, ^s. 6d. cloth. 

*' lilts handy ininu^ cnctum much nJu^ls ibraniUidQD for Gx P9B oT timber DiHCliVit^ 
butldefs, TorBstefx and all qtboi? connflclad viid th* Enawtl^ ^aie^ tad lOiauAichil''* o£ (unhu. ' — 

Timber Freight Book, 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
I M POR TE k S FREtOH T BOOK AND A SSIS TA N T. CompHsio g Rulcv 
Tables, and Memoranda relating to the Timber Trade, By WitnAU 
KiCHARDSOK, Timber Broker: together with a Chapter on "Speeds or Saw 
Mill MAtHtHERV.'* by M. FowisBALSt M.LM.E., &c. mmo,. 35. 6d. c],boaidL 
"A Ttry usofyl tnAniiat of rtiJe*, ti^^tei, jmd memaninila Klatjn^ to ijie timber trmde, Wc re- 

efifllnlcivl it as 4 ndiiapeF^dLum M takuLatiiHT lU aS- Lioibu OiAUUrers aad lUBfcta&nts, aqd a$ fafipij- 

fav « t^al want bi the tra4le."— /i'k i^in^" A'flvJr, 

PacA;»nf7-Co«e Makers^ Tables for, 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards^ 
By W, RicHAhD&OH, Tirnber Broker. Second Edition, Oblong 410, 3*. 6d* Cl, 

*' Inmluabtf tabQur-nTi:lj^ tlblei, "-- /rKW wm «^w* 
*'WUJ savm much labauT ami cakylftt li.^n. "— C-*i«w, 

Superficial 3ieasurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to soo inches in length, by i to io8 
iachei in breadth. For the nsa of Architect i* Surveyors, EneineerSj Timber 
Merchantflt Buildera, Sic, By Jahes Hawaihos. Third Edition, Foap.^ 
3Jh 6d. ctoth. 
*' A usafttf collecHon df tahlei to facQItate rij>T<l cal^:^J^at3oTl of smfaiTn, The cTatl area trf uvf 
larfkce of which the Umtts have been asCflTtaineO can be InsrancLy dFEefULinad^ The bcwk will li« 
fouJKl ortbc CWttUt uEility to mil fliufac^^ in biiikUhj? ttovntians'—Scar^rm^n, 

" TheH tabl« will be fnund of ff nat assasUncc [A th who rcquEn t« make calcal^«a« to Hi P«^ 
fcJal tuftuuremetit."— £>f ^^A J/rt Aa»*f, 

THE ELEMENTS OF FORESTRY, Designed to afford la- 

formiLEion concerning the Planting and Care of Forest Trees for Ornament of 
ProEit, with Suggest inns upon the Creaticm and Cars of Woodlandfl. By W,B. 
Hough, Larp^e cvown Bvo, los. cloth. 

Tirnber Importer's Guide^ 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 
BUILDERS STANDARD GUIDE. Bf RtcHARn E, GnANny. Compris- 
luK an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values anrl Tabular A r range men 1 5 for fixing Nett Landed Coat on Baltic 
and North Amencan Deats^ inrhiding {ill intermediate Exp^mseSj Frciglit, 
Insurance, Sic. Ac. Together with copious lefonriaTion for the Retailer and 
IluS^dej. Third Edition, Uevised, liino, is. cloih Ihnp. 

" £r«ythkij2 il (jTel«4u>V to be : buSlt up jrradnally^ it Icft.]^ one from a ToHist to a tittsBlll ami 
w to, UE a Qiakeweltflii* ^ host qI zaafarM cooceriviiUF bridc^ columoa, clstonut ^n^-'^StniiiiJt 
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MARINE ENGINEERING, NAVIGATION, $k. at 

MARINE ENQINEERING, NAVIGATION, etc. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Corves of Links, Stnds, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Weldine Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill, F.E.R.N., 
M. Inst. C.B., Engineer Surveyor in Chiel, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Bstablisfajnents. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boards. 

" It contains a vast amount of Taluable Information. Nothlngr seems to be wanting to make It 
a complete and standard work of reference on the sabj9CL"—<Na$aicai Magattittt, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.B. Eighth Editiooi thoroughly Revised, with 
considerable Additions by the Author and by Gborqb Carlisle, C.B., 
Senior Surveyor to the Board of Trade.at Liverpool. i2mo, 5s. cloth boards. 
" Well adapted to give the young' steamship engineer or marine eAgine and boUcv maker a 

general introduction into his practical "nork.."— Mechanical PVorid. 

" We feel sure that this thoroughly revised edition will continue to be as popular in the ftitura 

as it has been in the past, as. for ta size, it contains more useful Informatioa than any similar 

treatise."— /ntftw/ricx. 

" As a compendious and useful guide to er&^eers of our mercantile and rpyal naval services 

we should say it cannot be surpassed."— ^M^Aftn^ News. 

The information given is both sound and sensible, and well qualified to diaect young sea* 

going hands on the straight road to the extra chief's certificate. Most useful to survejors. 

Inspectors, draughtsmen, and all young engineers who take an interest in their profession."— 

Glasgovt Herald, 
"An indispensable manual for the student of marine tn^e»t]ng."— Liverpool Mercury. 

Tocket-Bookfiyr Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula,Rules,and TabUs.and MARINE ENGINEER*S 
AND SURVEYOR'S Handy Book of Reference. By Clbubnt Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fourth 
Edition, Revised. With numerous Diagrams, &c. Fcap., 12s. 6d, strongly 
bound in leather. 

"Should be used by an who are engaged in the construction or design of vessels. . . . Wm 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple <ona."^Engificer. 

"The professional shipbuilder has now. in a convenient and accessible form, reliable data for 



I^ocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR. 
MULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.NJL 
Third Edition. Royal ssmo, leather, gilt edees, with strap, 45. 
"We recommend it to our readers as going far to supply a long-felt wwa.L''—Af'(gval Seieiiet, 
"A most usehil companion to all marine tagiaeen."— united ServiceGoMtl/e, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Usef al 
Tables. By John Shbrrbn Brbwbr, Government Marine Surveyor, Hong- 
kong. Small crown 8vo, as. cloth. 

" Contains mach valuable information for the class for whom it is intended, especially In Htm 
dupters <m the management of boilers and engines."— A^aM/tco/ Ma^u/rimd, 

" A u:^ul introduction to the more elaborate text ho6ks."—S(oisman. 

" To a student who has the requisite desire and resolve to attala a thorough knowledge. Mr. 
Brewer offers decidedly useful hielp."—AilunaMm, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 
Sba-Book, by Jambs Grbbnwood and W. H. Rossbr; together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Hbnrt Law, C.E., and Professor J' Rt YoVNQ. Ula8tnit94« lamp, ^9, 
•trongiy l»U-bouod. 
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21 CROSBY LOCKWOOD <» SON*S CATALOGUE. 
MINma AND METALLURGY. 



MetaUiferous Mining in the United Kingdom* 

BRITISH MINING : A Treatise on the Histaty, Discovery, Practical 
Develotmtnt, ondFutuu ProsticU of MitaUi/eroMS Mines m> the United King* 
dom. By Robert Humt, F.R.S., Keeper of Minios Records ; Editor of 
*' Ure'8 Dictionary of Arts, Manufactures^ and Mines," &c. Upwards, of gso 
pp., with 330 lUustrationt. Second Sdition, Revised. Super-royal 9vo, 
£2 3S. cloth. 

"One of the mott Tahiabto works of reference of modem timet. Mr. Runt •■ keeper of mlnii« 
lecords of the United Kingdom, hu had opportunities for such a ta^ not enjoyed by anyone dee^ 
and has eTidently made the most of them. . . . The languace and style adopted are eood. and 
the treatment of the various subjects laborious conscientious, and science."— ^iviM^er^^. 



know of no other work embodying so great a mass of matter of this kind. V/ern this the only 
merit ef Mr. Hunt s volume, it woukl be sufficient to render it indispensable In this library ^f 
everyone interesud in the development of the mining and metalluigical mdustrles of this cooatry." 



— Atketurum, 

" A mass of Information not elsewhere andlabie, and of tbe greatest value to tiioae wbo wmr 
be interested in our great mineral industries."— ^MifiEwMr. 

"A sound, bosinMa-like coUectioo of interring facts. . . . The amoimt offaiformatfcia 
Mr. Hui4 has brooght together b enormous. . . . The volume appears likely to coovej move 
Instruction upon the subject than any woA hitherto piibliriied. "— Jfifawy ^■^mrmsA 

Colliery Management, 

THE COLLIERY MANAGER'S^ HANDBOOK: A Compi»- 
hensive Treatise on the Laying-out and Working of Collieries, Desiraied at 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certincatet. By Caleb Paublt, Minine 
Engineer and Surveyor j Number of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 500 Plans, Diagramsi and other 
Illustrations. Medium 8vo, about 600 pages. Price £1 5s. strongly bound. 

\jusi ready. 

Coal and Iron* 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses oi each Variety ; and a History <^ 
the Rise and Progress of Pig Iron Manuiiacture. By Richard Mkadb, Assistant 
Keeper oi Mining Records. With Maps. 8vo, £1 8s. cloth. 
"The book is one «^ch must find a place on the shelves of all Inte re ste d in coal and iroo 

production, and in the iron, steel, and other metallurgical Industries."— iB'ff^'lywer. 

" Of this book we may un r e s e r vedly say that it is the best of its class which we have ever met. 

... A book of reference which no one engaged in the iron or coal trades should omit firon Us 

library. "—/r0M and Coal Trades RtvUw. 

Prospecting for Gold and otfier Metals* 

THE PROSPECTOR*S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, 35. 6d. cloth. 

" Will supply a much felt want, especially among Colonists. In whose war are so often thrown 
many mineral ogical specimens the value of which itls difficult to determine. —^m^^Vm^t. 

'* How to And commercial minerals, and how to identify them when they are found, are die 
leading points to which attention is directed. The author has managed to pack a; muchpnctical 
detail into his pages as would supply material for a book three times its tiz»,"—JifiHitie' ytmrmU* 

Mining Notes and Formulae* 

NOTES AND FORMULAS FOR MINING STUDENTS. By 

ioHN Hbrman Mbrivale, M.A., Certificated Colliery Manager, Professor of 
lining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 2S. 6d. clotn. [Just published. 
" Invaluable to anyone who is working up for an examination oa mining subtjects."— Cto/ atid 
Iron Trades Rtvmu. 

•' The author has done his work in an ezceedfaigly creditable manner, and h^ produced a book 
that will be of service to students, and those who are practically engaged in mining operatitms.''— 
Enzineer. 

" A vast amount of technical matter of the vboost TStuo to tnl^ng engfaeen. wd of C0Qsid» 

able interest to students."— vSc&aa/maJ/^. 
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Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cottoo, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of '^The Metallurgy of Gold," "The 
Metallurgy of Silver," &c. With about 100 Illustrations. Crown 8vo, 
I05. 6d. cloth. [jfust published, 

Ucefhl not only to the wSntr, bnt also to officers of both services to whom blastuog and th« 

use of explonves generally may at any time become a necessary auxiliary."— iVa/Mr«. 

" A veritable mine of information on the subject of explosives employed for military, mining 

and blasting purposes."— ^rmy and Navy Gazttte. 

" The book Is clearly written. Taken as a whole, we consider it an excellent little book and 

one that should be found of great service to miners and others who are engaged in work requiring 

the use of explosives."— w4/A«M<rMM. 

Goldf Metallurgy of. 

THE METALLURGY OF GOLD: A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores, Including the Processes of 
Concentration and Chlorination, and the Assaving, Melting and Refining of 
Gold. By M. Eissler, Mining Engineer and Metallurgical Chemist, formerly 
Assistant Assayer of the U.S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8vo, 12s. 6d, cloth* 

{Just published. 
" Thb book tfaoroogUy deserves its tide of a * Practical Treatise.' The whole process of gold 
milling, from the breaking of the quartz to the assay of the buliion, is described in clear and 
orderly narrative and with much, but not too much, fulness of deiail."— Saturday Reotew. 

" The work is a storehouse of information and valuable data, and we stronely recommend k to 



Silver, Metallurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on the 
Amal^atnation, Roasting and Lixiviation of Silver Ores, Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eissler, Author 
of "The Metallurgy of Gold.'' With 124 Illustrations. Crown 8vo, los. 6d, 
cloth. 
" A practical treatise, and a technical work which we are convbiced will supply a long-felt want 

amongst practical men, and at the same time l>eof value to students and others mducctly connected 

with tne industries."— Aftfntinsf youmai. 

" From first to last the book is thoroughly sound and reliable.**— C^zlrr)' Guardian, 

" For chemists, practical miners, assayers and investors alike, we do not know of any. woric 

on the subject so handy and yet so comprehensive.**— C^/rsx^tm; Herald. 

Silver-'Lecidf Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD ORES: 
A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion, Illustrated with Plans and Sections of Smelting Furnaces 
and Plant in Europe and America. By M, Eissler, Author of "The Me- 
tallurgy of Gold," " The Metallurgy of Silver," &c. Cr. 8vo. [/» the press. 

Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mming Engineer, Ac, Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, 125. 6d. cloth. 
" Neither the practical miner nor the general reader interested in mines can have a l>etter book 

for his companion and his gmde,"—Mininf yournal. 

" We are doing our readers a service in calling their attention to this valuable work "— 

AfiniHg' JVorld, 
" A book tiiat will not only be useftil to the geologist; tiie practical miner, and tne metallurgist. 

halt also very interesting to the general public"— /rtm. 

" As a history of the present state of mining throughout the world this book has a real valuer 

and it supplies an actual want."— A tfunaum, 

Marthy Minerals and Mining. 

A TREATISE ON EARTHY &» OTHER MINERALS AND 
MINING, By D. C. Davibs, F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's " Metalliferous Minerals and Mining." 
with 76 Wood Engravings. Second Edition. Crown 8vo, las. 6d. cloth. 
*' We do not remember to have met with any English work on mining matters that contains 

the same amount of information packed in equally convenient (ona.''-~Academy. 

" We should be inclined to rank it as among the very t>est of the han^ly technical apd tndos 

imnB4l$ which hare reccwtty appcaiwl."— ^r</*fA guarterly Hevitv, 
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24 CROSBY LOCKWOOD 6* SPITS CATALOGUE. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER*S COMPLETE 
CUIDEt comprising a Treatise on Improved Minine Survtymg and th§ Valuta 
tion of Mining Properties, with New Traverse Tables. By Wii. Lintkrn, 
Mining and Civil Engineer. Third Edition, with an Appendix on ** Magnetic 
and Angular Surveying," with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, ftc zamo, 4s. cloth. 

(yMSt published. 
" Mr. Linten's book forms a Taluabla and tiioroughly tnistworthy guid^r—Jron and CoaJ 

'trades Review. 

" Thb new edition most be of the hisfaest value to colliery surveyors, proprietors and mutaf 

gvv%."—Cciliery Guardian. 

Asbestos and its Uses. 

ASBESTOS : Its Properties^ Occurrenc$ and Uses, With some 
Account of the Mines of Italy and Canada. By Robbrt H. Jonbs. Wifh 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 

[Just published. 
" An interesting' and Inraloable worlc."— G»//ferv Guardian. 
" We counsel our readers to get this exceedingly interesting^ work for themsehres ; they wiU 

find in it mach that is sugeestive, and a great deal that is of immediate and practical usefulness."^ 

£.»iUer, 

" A valuable additimi to the architecfis and engineer's library."— ^jfiWM^f New, 

Underground Pumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stbphbn 
MicHBLL. 8vo, 155. cloth. 
"Will be hisrhly esteemed by colliery owners and lessees, minlnir engineers^ and students 

ipenerally who require to be acquaiated with the best means of securing the drainage of mines. It 

b a most valuable worl^ and stands almost atone in the literature of steam pumping machinery."— 

Colliery Guardian. 

" Much valuable information is given, so that; the book is thoroughly worthy of an extensive 

circulation amongst practical men and purch<isers of machinery."— A/itoMSf' journal. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. lamo, 2S. 6d. cloth limp. 
ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 335 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 
"Students in the science of mining, and overmen, captains, managers, and viewers may gain 
|>ractical knowledgre and useful hints by the study of Mr. Morgans' m ax n xiX.'— Colliery Guard* 



—Colliery Gu, 
to knprove our mining literature,"— i^mwtf 



A vahiable work, which wiU tend i 
youmal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary TreaHse on. By 
the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
rumerous Illustrations. lamo, 45. cloth boards. [jfust publish rd, 

" As an outline is given of every known coal-field In this and other countries, as well as of th« 

principal methods of working, the book will doubtless interest a very large number of readers."— 

Mining youmal. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.B. lUust. zamo, 35. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 2s. 64. cloth. 
" A clearly and well-written manual ibr persons engaged or interested in the granite industry.** 

^■Scotifnan. 

** An interesting work, which will be deservedly esteemed."— C«//^^rv Guardian. 

" An exceedingly interesting' and valuable monograph on a subject wmch has hitherto received 

llMccpunt»t{y littji attention in the shape of systematic literary U^f^imeuW'-^^cotfisfi leafier. 
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ELECTRICITY, ELECTRICAL ENG INEERING, etc. 

ElectricaZ Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 

MODERN RULES, FORMULAE, TABLES AhfD DATA, By H. R. 
Kempb, M.Inst.E.E., A.M.Iast C.E., Technical Officer Postal Telegraphs, ' 

Author of " A Handbook of Electrical Testing/' &c. With numerous Illus- 
trations, royal 32mo, oblong, 5s. leather. IJvU published. 

" There is rery little in the shape of formulae or data which the electridan is likely to want 
io a huiry which cannot be found in its p8ges.''—Practicai Enginter. 

"A very useful book of reference for daily use in pracdcal electrical engineering and its 
various appUcadons to the Industrie of the present day."— /rw«. 

•• It is the best book of its kind."— Electricai Engimtr. 

" We 1 arranged and compact. The Electrical Engineer's Pocket- Book is a good one."— 
Ei^cfrt'cian. 

' Strongly recommended to those engaged in the Tarious electrical industries."— J^^^rteo/ 
Jtnn'ew. 

Mlectric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations, crown 8vo, 55. cloth. {.J*^^ publisk$d. 

" This Tolume deals with what may be termed the mechanics of electric lighting, and is 

a Mressed to m^n who are already engaged in the work or are training for It. The work traverses 

a er«Mt dral of groond, and may Se read as a sequel to the same author's useful work on ' Electric 

Light.' "—BUetrician. 

** This is an attempt to state in the simplest lanjruure the precautions which should be adopted 

in instal ing the electric light, and to give taformation,K>r the guidance of those who have to run 

the plant when installed. The book is well worth the perusal of the workmen for whom it is 

w.ilten."— £/«/r«:a/ Review, 

' Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 

•n electric light plxat."— Electrical Fjtgineer. 

** Altcgether Mr. Urquhart has succeeded in producing a rpally capital book, which we have 

po h<»itaiion in recommending to the notice of working cLctridans and electrical engineers. — 

AlC' hantceU IVorld. 

Mlectrie lAghU 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 
Directions for the Treatment cf Dynamo-Electric Machines, Batteries. 
Accumulators, and Electiic Lamps, by J. W. Urquhart, C.E., Author ot 
" Electric Light Fittine." " Electroplating," &c. Fourth Edition, carefully 
Revised, with Large Additions and 145 lUnstiaticns. Crown 8vo, 7s. 6d. cloth. 

[Just published, 
** The book is by ftr tiie belt that we have yet met with on the sabiKt.''—Athenaum, 
"It is the only work at present available wliich gives, in language mteOigible for the most pert 

to the ordinary reader, a general but concise history of the means which have been adoi^ted up to 

the present time in producing the electric Ugiit."—Metfvpciitan. 

"The book contains a general account of the means adopted in producing the electric light; 

not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 

machine in several of its forms." — Colliery Guardian, 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 

of Engineer Constructors and Electricians in Charge, With Examples of 

leading English, American and Continental Dynamos and Motors. By J. W. 

"^^ss. Urquhart, Author of "Electric Light," "Electric Light Fitting.'* &o, 

^' Crown 8vo. llntHepr^t. 

--... *^^^ Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. B> 
Hbnrt M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prebcb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, 12s. 6d. cloth. 

" The original plan of this book has been carefully adhered to so as to make it a reflex of the 
existing state of electrical science, adapt^ for students. . . . Discovery seems to have pro* 
gressed with marvellous strides ; nevertheless it has now spp^rently ceased, and practical appuca 
nons have commenced their career : and it is to give i| faithful accpunt ef these that this fresh 
edition of Dr. Moad's vahiable text-book b launched {ot^*—£»traa/'rom Introducticn Ity XT. If» 
PrteettEsq. 

"We can recommend Dr. Noad's book for dear stj^ great range of subject a gcod index 
and a plethora of woodcuts. Such collections as the present ere indispensable."— yf/Acw^rMm. 

" An admirable X.%x\ l)00l( (or every student ~ begum^ or «dv9Q9ed — ^ eleg^foity.'W 
i*tgin€tring, 
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Electric lAghttng. 

THE ELEMENTARY PRINCIPLES OP ELECTRIC LIGHT' 
ING, Bt Alan A. Campbxll Swimtom, Associate I.E.E. Second Editkmt 
Enlargea and Re^iaed. With i6 Ulastrationa. Crown 8vo, is, 6d. doth. 
"AajrofMwhodeslrwadiOft and thoreatMy d— r «m<Mitl<m of th» damantaiy priAdplw oi , 

A MANUAL OP ELECTRICITY: IncluUng Galvanism, Mag- 
Mdism, Dia-MagntH$m, BUctro-Dynamies, MagmhElecMcUy, and th§ EUsiH» 
Teltgraph. By Hbnkt M. Noad, Ph.D., F.lLS^ F.C.S. Fourth Edition. 
With 500 Woodcatt. 8to, £1 4s. doth. 
" It is worthy of a plaoe in tha Ubrary of aravy fuUk kutXiaOMu'^MMMg y^ttmrnt. 

Dynamo Construction. 

HO W TO MAKE A DYNAMO : A Practical Treatise for Amateurs. 
Containing nnmeroot Illnttrati<mt and Detailed Inttmctions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Cropts. 
Third Edition, Revised and Enlarged. Crown 8vo, ss. cloth. \Jmt published. 
"The instractioiis glren in thb unpratanttoos little boolc are sufSctently dear ana explicit to 



anaMe any amatenr madunic pocsassed of aTarase lUU and tha usual tools to be foimd in as 
amataur's workshop, to build a practical dynamo wDMxiiSaait."—BUctricim$u 



NAT URAL SCIENCE , etc. 

Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. E|y Chakx.bs Tomlimson, F.R.S., 
F.C.S^ ftc Fourth Edition, Enlarged. With numerous Illustrations, 
xnno, IS. 6d, doth. 

" Beginnars in tha stnclbr of this fanportant appBcatioa of sdanoa could not hare abetter maauaL** 
^•Scotsman. 

" A raloabla and suitabia taxt^wok for students of Aco ustics and tha Phanomana of Wind 

Conchology. 

A MANUAL OP THE MOLLUSCA : BHng a Treatise on Receni 
and FouU Shells. By S. P. Woodward. A.L.S., F.G.S., late Assistant 
PalsBontolonst in the British Museum. With an Appendix on RecetU and 
Fossil Conchological Discoveries, by Ralph Tatb, A.L.S., F.G.S. Illustrated 
by A. N. Watbrhousb and Tosbph Wilson Lowrt. With 23 Plates and 
upwards of 3O0 Woodcuts. Reprint of Fourth Ed., i38o. Cr. Bvo, ?s, 6d,clm 
** A roost vahuUa storahousa of conchological and geological information.''-^S^:£m«r Cacf^ 

Oeology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of "Physical Geology." which sets forth 
the leading PrindplM of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditi<ms of the Earth at each successiTe 
epoch, especial reference beine made to the British Series of Rocks. By 
Ralph Tatb, A.L.S., F.G.S., ac. ftc With 950 Illustrations. lamo^ 5s. 
cloth boards. 

** The flilness of Aa matter has derated tha book into a msnnal. Us infomutloa Is aahanstlTe 
and wan arranged."— >S^A«o/ Somrd ChrottieU, 

Geology and Cfenesis. 

THE TWIN RECORDS OP CREATION; or. Geology and 

Genesis : their Perfect Harmony and Wonderful Concord. By Gborob W, 
Victor lb Vauz. Numerous Illustrations, reap. 8vo, 5s. doth. 

" A valuable contribution to the eridences of Rerdation, and disposes Tenr condudvdy of tha 
arguments of tho^ who would set God's Works against God's Word. No real difficulty is shirked, 
and no sophistry b left unexposed."— -rA« Rack, 

" The remarkable peculiarity of this author is that ha combfaies an unbounded admiration of 
science with an unbounded admiration of the Written record. The two impulses are balanced to 
a nicety ; and the consequence is that difficulties, which to minds less erenly poised would ba seri- 
ous, find immediate sections of the h^>piest kinds."— LondoM Jieview, 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A.. F.R.S., 
formerly Raddifife Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thymnb Lynn, B.A.. F.R.A.S.« 
formerly of the Royal Observatory, Greenwich. x2mo, as. cloth limp. 
" A sound and simple treatisa, rery carmiOy edited, and a capital book for beginners.'''* 
KntmUdgt. [HoHol Timee, 

:• Accitntely brought down to the lequiremsats of tiM pnaem tUne by Mr. Lyon."— ^tfiM«#> 
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DH. LARDNER' 8 COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OP MECHANICS, Enlarged and almost re. 

written by Benjamin Lobwt, F.IULS. With 378 lUostrations. Post 8vO| 

6s. cloth. 

" The perspicuity of the original has been retained, and chapters which had become obaolet* 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the various brandtes of 
physics to the industrial arts, and to the practical business of utk.''-^MiHititr youmoL 

"Mr. Loewy has careAiUy revised the book, and brought it up to modam requirements."— 
Naturt. 

"Natural philosophy has had few exponents more able or better skilled In tiie art of 
larising.the subject than Dr. Lardner ; and Mr. Loewy is doing good service In fitting this ^' 
and the others of the series, for use at the present Xisat."— Scotsman, ' 

THE HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Bbnjamin Lobwy, F.R.A.S. With 

236 Illastrations. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without tiie pro* 
found methods of mathematical investigation,' this wnrk b not merely intended; but well adapted." 
'^Chemical News. 

"The volume before us has been carefully edited, angmented to nearhrtwloe the boDc of the 
fbrmer editioa, and all the most recent matter has been added. • . . It is a valuable textbook." 
•-Nature. 

" Candidates for pass examinations wiD find it; we think, specialty suited to their requirements.** 
Bnirtish Mechanic 

THE HANDBOOK OP HEAT. Edited and almost entirely re- 
written by Benjamin Loswy, F.R.A.S., &c. 1x7 Illastrations. Post Svo, 6t. 
cloth. 
** The style Is alwajrs clear and precise, and conv^rs instruction without leaving any dondlne* 

or lurking doubts \>t)ntid."—En£ineerinsr, 

"A most exhaustive book on the subject on which It treats^ and b so arranged that It can be 

understood by all who desire to attain an accurate knowledge of physical science. .... Mr. 

Loewy has included all the latest discoveries in the varied laws and effects ofheatT-S^ndard. 
"A comi^te and handy text-lM>ok for the use of students and general readers."— ^£lvAMI 



THE HANDBOOK OP OPTICS. By Dionysius Lardner, D.C.L., 
fonnerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olvbr Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8v0b 448 
pages, 55. cloth. 
"Written by one of the ablest Enfi^ish scientific writer^ beautifully and elaborately fflustrated.** 

Mechanics Magazine, 

THE HANDBOOK OP ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by Gborqb Carbt 
FosTBR, B.A., F.C.S. With 400 Illastrations. Small 8vo, 5s. cloth. 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

lucid style of Lardner, while correcting his errors and bringing up his work to the present state of 

identiac knowledge."— iV^»/ar Science Review. 



THE HA NDBOOK OP A STRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.*' By Dionysius Lardnbr, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 95. 6i. cloth. 
" Probably no other book contains the same amount of information in so coropendloas and well> 

arranged a form—certainly none at the price at which this is offered to the vvAMc:'—AthenaMm, 
"We can do no other than pronounce this work a most valuable manual of astronomy, and w« 

strongly recommend it to all who wish to acquire a general— but at the t«t"^ tVi f correct acq "^'M t- 

ance with this sublime stAtnot,"— Quarterly youmtU <^ Science. 

"One of the most deservedly popular books on the subject . . . We would recommend not 

onhr the student of the elementary principles of the science, but he who aims at mastering the 

higher and m a them a ti cal branches of as tr onomy, not to be without this work beside hfan."— fR,wtf. 

ealMaeatiM0. ^^ 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
. vised and Re. written by B. B. Bright, F.R.A.S. 140 Illustrations. Small 
Bvo, as. 6d. cloth. 
"One qf tlw iRoat readable bool^s vfOatt QO tbe Electric TatgnfhT'-Stffiish Mechmnk. 
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28 CROSBY LOCKWOOD » SON^S CATALOGUE. 

DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiOMYsius Lardnkr, D.C.L., formerly Professor of Natural Philosophy and 
Astronomv in University CoUeee, London. With upwards of x,9oo Bnfrav- 
ings on Wood. In 6 Double Volumes, £i i5., in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, jxs. 6i» 

%• Opinions of thb Prbss. 

*• Thlt mrim, b w l de i sgofdiog popular bat sound faMtroctkm oa sdtUe sutJecH iHth whfcH 
IB* humblest man in the country ouftht to be acquaioted. also ondertakai that teachfiitr of *CotD> 
Bon Things ' which erery well-wisher of his kind is anxious to promote. Many ♦*«^'"««~< copies of 
tbtt serriceable publication have been printed, in the belief and hope that the desire for Instmctioa 
•nd Improrement widely prevaOi ; and we have no tear that such enHghfened finith wiB mmtt with 
dfaappolntment.''— ri^Mcr; 

" A che^and htftrwHn g pubUcatloiL aBke Infonnfaig and attractivft. Thap^)ws c o nibliK 
snl^ects of importance and great sdentttc knowledgik copiide fab l e indnctivw powank •nd a 
popular style of tre«tment.--%S>«to<w. 

"The 'Museum of Science and Art' Is the roost Tsloable contrlb u Uon diat has aver beea 
nade to the Scientific Xasttuotioa ot every dass of sodcty.'-^ir DAVm BRBWSTBX, la tlte 
H0rtk BriHsh Rtvigw, 

** Whetiier we consider the HberaHty and beauty of the Obstratloiiik tfa* chant of tfa* wi«tli« 
or the durable interest of the matter, we must express our belief that there is hardhr to be found 
aaoong the new books one that would b« welcomed hf peopl* of so maay agw and dasMS as a 
Mluable pt9SMAr—ExmmiM4r, ^^ 



%* Separate books formed from the above, smtable for Workmen** Librariet, 

Science Classes, etc. 
Common Thinga Expiained. Containing Air, Earth, Fh-e, Water, Time, 

Man, the Eye, l.^>comotion, Colour, Clocks and Watches, &c. 933 Illot- 

trations, cloth gilt, 5s. 

The Mieroseope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope. Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, doth 
gilt, as. 

Popular Oeology. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. aox Ulusuations, cloth gilt, ». 64. 

ToptUar Physiea. Containing Maniitude and Minuteness, the Atmo* 
sphere. Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, doth gOt, as. 6d, 

Steam and its Usee. Including the Steam Engine, the Locomotive, and 
Steam Navigation 89 Illustrations, cloth gilt, as. 

Poptdetr Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 4s. 6i. 

The Bee and White Ants : Their Manners and Habits. With Ilhistn^ 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gOt, as. 

The Eleetrie Telegraph Poptdarised. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acouirements, the various 
forms of Telegraphy in Actual Operation. 100 Illastrations* doth gill, 
u,6d, 

jDr. Lardner^s School Handbooks, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbi. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d, doth. 

" A very convenient class-book for Junior students ir private schools. It is intended to coavsfb 
I1 cleat and precise terms, general notions of all the principal dlvisioM of Physical Sdaooa."* 
British QHarteriy Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbe. 

With 190 Illustrations. Second Edition. One Vol., 3s* 6<<. doth. 
** Clearly written, weU arranged, and esoeOeotly iIIiiitfitcd«''-'ii<mfclKr'< CMnmiUSt 
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HAHDYB00K8 FOR HANDIORAFT8. By PAUL N. / 
Metal Tumtnff, 

\ andProc««o- «?_r;*''»*.* Emjbraciiiflr Infrti-rr^^»; ^^ J\^" 
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Md Processes EmplSVSd- l5^''!S?^ Information on the To 
(Being the Two precedlt^^ i ^J^^^I^G. B v I> N 

THJS CLOCK VortnrrTy.^ — 

Materials.^ppl?2,c,Jf *'S'^''^««*»«.«^. ^mbJi^^^ V ^ ^'''*«^^ 
Hasluck WlthuD^?5. „?''«>ces«ef eSSo^SS "« ^formation 

(Being ,he Two preceding ^^ J^OSBING, b7 "^"tT' 

2oolinistrat.ons.crown8vo„»->°"n<i together i tX ■'^- *^- 

THE PATTER^ W^/r77».„ 
THE MECHANIC- fw^t*^'^' 

wrfferredtofora very 8rreatSSo^/^«>J^ in eviS? ^' ^^Oth. "^^'^^^Uaneous 

Uanaalon Model SteaJri^^^It'S TT ^ y.^ 

Materials and Pr^e^s?,, -^g^«e,. e^'?"^ ^^ I'-BOO JS- 

Hasluck. With upwaS ^i^Ployert /^^'"acing \r^^^^ ^ ^• 

•• By carefully going th^?^^3?« of i^^rf,^** Hi their r-i*^'"°^atioil Of 

«tructioioffuU.^sSS%"^^.work,^i^i^^^ Construction^ ""j 

Cabinet Makitta^^ ""^'^-•i^^^i^ pick u^^^ Svo, as. 

THE CABINET pr^r^r^^ ^-'— ^. '^ "^ --oeUen't noti 

Manual, embracing lr,Z "^^^I^'S Jir ^ « 

..TlwreugWypractlcBitv *'wards of r^ .*.'^i. M hI • '^PI 

O4.v^^'~«'™=**'«»<>«8ho«u Th.^ '°° '"ustratio^s^^^*^'' 

Digitized by LjOOQIC 



34 CROSBY LOCKWOQD 6* SOS'S CATALOGUE. 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR^ 
BOILER'S ASSISTANT. Including a Urge vaHety of Modem Recipes. 
With Remarks on the Art of Bread-making. By Robbrt Wblls, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, 2s. cloth. 

nnst published. 
** A hrge nunber of vflnUts Ibr the ordbury cock, as wen as the hdkar.''--Saiitrdeof Review. 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robbrt Wblls, Author of ** The Bread and Biscnit Baker's and 
Sugar Boiler's Assistant" Crown 8vo, as. cloth. [Just published, 

** We cannot q>eak too hlfliily of thb really excellent work. In these days of keen cmnpetition 
our readers cannot do better than purchase this book."— itabi«rx' Timts. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; includinf a variety of Modem Recipes, and 
Remarks on Decorative and Coloured work. V/ith xag Original Designs. 
By Robbrt Wblls. Crown 8vo, 55. cloth. 
*'A Tahiable work, practical, and shookl be in the hands of every baker and confectioner. 

The fflnstratire designs are alone worth tretde the amount charged for the irtiole work."— ^oA^ry 

7inus. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
RetaiL Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture, &c. By 
R. Wblls, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide,*' &c. Crown 8vo, as. cloth. 

IJust published. 

Laundry Work. 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundrv Work. By the Editor of "The Laundry 
Journal, ' With numerous Illustrations. Crown 8vo, ts, 6d. cloth. 

CHEMICAL MA NUFACTURES ft COMMERCK 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acid^ Sulphate of Soda, and Bleaching Powder. 

By John Lomas. 390 pages. With 332 Illustrations and Working Drawings. 

Second Edition. Royal 8vo, £1 10s. cloth. 

"This book Is written by a manufocturer for manufacttuen. The worUnfir details of die most 
approved forms of apparatus are given, and these are accompanied by no less than 033 wood en- 
pravings, all of which may be used for the purposes of ojnstruction. Every step fai the tnan,,ftn-^ 
ture is very fully described in this manual and each fanprovement explained.".- AOumfum, 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instmctions for Making Apparatus. By Lient.-CoL W. A« 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 5s. 
"The stndent who goes through the coarse of ezperfanentation here hdd down will gaki a 
better inright into inorganic chemistry and mineralogy than if he had *got up' any of die best 
text-books ol the day, and passed any number of ezai^natknis hi thefar contents.'^— CAmmA»/ J^tws. 

Commercial Chem4cal AneOyeis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA^ 
LYSIS; or. Practical Instmctions for the determination of the Intrinsic or 
Commercial Value of Sobstances used in Manufactures,Trades, and the Arts. 
Bv A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, las. 6d. cL 
''EMential to tiMamdysts appointed under the new Act. The most recent results arSgivea, 
sad the work is wsU edited and «arefi% written."— AMMfv. 
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Bfcwinff* 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. An Entirely New Edition, much Enlarged. 

[/» the pros. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 
Crown 8vo, 34. 6d. cloth. IJust published 

" Oturht to have its place in the laboratory of every metallursflcal establishment, and wherever 
fuel is used on a large hctlt."— Chemical News. 

" Mr. Phillips' new book cannot fait to be of wide interest, especially at the present time.*"— 
RauToay Nrws, 

Dye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 

Properties, Applications, Valuation, Impurities, and Sophistications. For the 

use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 

Edition, Revised and greatly Enlarged. Crown 8vo, 75. 6d. cloth. 

" A complete encyclopaedia of tlie materia tinctoria. The information given respecting each 

article is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophisticatioii, are given with clearness, and are practical as well as valuable."— CA«mu< 

and Druggiit. 

** TWere is bo other work which covers precisely the same groond. To students preparln|r 
or examinations in dyeing and printing it will prove exceedingly asefuL"— C%<»(t<a/ News, 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Puritsr. Together with the Science and Arts 
Department's Examination Questions on Painting. By H. C. Standagb.. 
Second Edition. Crown 8vo, as. 64. cloth. I 

" This work is indeed mmltMrn-iH-parvo, and we can, with good conscience, recommend it ts 
all who come in contact with pigments, whether as makers, deafers or users."— CA«»(»ca/ Review, i 

Gauging. Tables and Rules for Revenue Offlcers^ 

Brewers, etc. 

A POCKET BOOK OF MENSURATION AND GAUGING: 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. Oblong i8mo, 45. leather, with elastic band. LJ}*^^ published. 

" This handy and useftd book is adapted to the requirements of the Inland Revenue Depart* 

ment, and will be a favourite book of rererenceu The range of subjects b comprehensive, and tho 

arrangement simple and dear."— Cn^usM. 

" Should be in the hands of every practical brewer."— ^revvn* youmal. 



AGRICULTURE, FARMING, G ARDENING, etc. 

Touatt and Burn's Complete Orazier, 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE^ 
BREEDER'S ASSISTANT, A Compendium 01 Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feedini|, and General 
Management of Stock ; the Management oi the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S., and Robert Scott 
Burn. A New Ediuon, partly Re-Written and greatly Enlarged by 
W. Frbau, B.Sc Lond., LL.D. One large 8vo Volume, nearly x.oco pa^es. 

[In preparaUoH. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrosb McComneli,, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary Coltege. Third EdiUon. Royal 38mo, full roan, 
gilt edges, with elastic bemd, 45. 
« "The oKMt complete and comprehensive Note-book for Paimen and Farm Students tiiat we 

haveieen. It merally teems with information, and we cas cordially recommend it to all connected 

with agrcullture."— y«/«* BHtisM AgrieuUurist, 
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Flour Manufacture^ MiUing, etc 

FLOUR MANUFACTURE: A Treatise on MiUing Science 

and Practice. Bj Fubdkich Kick, Imperial Regierongsratb, Professor off 

Mechanical Technology in the Impenal Gennan Polytechnic Institnte, 

Prague. Translated from the Second Enlarged and Revised Edition with 

Supplement. By H. H. P. Powlbs, A.M.I.C.K. Nearly 400 pp. Illustrated 

witn a8 Folding Plates, and 167 Woodcuts. Royal 8vo, 35s. cloth. 

* TMs vahuble work b, and will rtnMln. tiM standard authority oa tbe sdence of mMog. . • 

The miller who has read and digested this work will have laid the fbqndation. so to speak. o?a soc- 

cess'ul career ; he wiO have acquired a number of general prindi^es which he can proceedto 

arply« In this handsome volume we at last have the accepted text-book of modem millingingood* 

sound English, which has Utile, if any. trace of the C erman idi<Mn."— 77k< JUiUer. 

" Tbe appearance of this celebrated work In Ensfish Is very opportone. and British mUlos 
wM. we are sure, not be slow in availing themselves of its fgetr—Mtiitrs' GoMeOe. 

8inaU Farming. 

SYSTEMATIC SMALL FARMING; or, Th$ Lessons of my 
Farm, Being an Introducticm to Modem Farm Practice for Small Farmera 
in the Culture of Crops; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs, &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management" Numerous Illusts., cr. 8vo, 6s. doth. 
**This Is the completest bo<rfc of Its class we have seen, and one which every amatetir &nner 
«D read with pleasure and accept as a guide.**— /'M/d(L 

" The volume contains a vast amount of useftil information. No branch of &rming Is left 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre faxva."—Ciasigrow HtraUL 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burh. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, iss. 

" The aim of the author has been to make his work at once comprehendve and trust w o i th y» 
and in this aim he has succeeded to a degree which entitles him to much credtt."— Jtf'MWt^ 
Adveriistr, ** No ftrmer shookl be without this book.*'— Amdwrr Guariim», 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT^BOOK OP, 
Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines ; Field 
Implements and Machines; Agricultural Surveying, Levelling, &c. By Pro! 
John Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural Collie, Cirencester, &Ci &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, las. 
** Written with great care, as well a* with knowledge and ability. The author has done Us 

work wen ; we have found him a very trustworthy guide wherever we have tested his 

The volume will be of great value to agrioiltural students,"— IforJ Latu Ejgf^rus. 

"Forayoung-agrioiltuiistw* know cijao handy vohune Uka^tobs n 

^Btlts Wtekly Mtssengtr, 

JEhtglish Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clbmbnts (Board of 
Trade). Second Ed., Revised, with Additions. x8mo, 2s. 6d. cL [Just published* 
*' A most comprehendve rckame, giving a mass of information."— ^rilcMAtofw/ EeonomisL 
"It is a long time since we have seen a book which has pleased us mait% or which contains 
soch a vast and usefiil fund of knowledge."— £<<w£aM0Ma/ Times, 

Tables for Farmers, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, GroMiers, Agricultural Students, Survey ors. Land Agents AuC" 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidnby Francis. Second Edition, Revised. S73 pp., waist- 
coat-pocket size, IS, 6d, limp leather. {jfust published, 
" Weigfaiug less than x oz., and occupying no more space than a match box, it contains • mass 
•f facts and calculations which has never before, in such handy form, been obtainable. . Every 
operation on the £um is dealt with. The work may be taken as thorou£^y accurate, the wholeof 
tne ubles having been revised by Dr. Fream. We oordlalty recommend \X."—Belt* fVeeJkfy 
Messengtr. 

" A marvdlous litde book. . . . The agriculturist who possesses himself of it Iviil not bft 
disappointed with his faiTestnwnt.'*— TIfo Farm, 
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Farm and Estate Book-keeping* 

BOOK-KEEPING FOR FARMERS 6. ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Acconntant. Second 
Edition, Revised. Cr. Svo, 3s. 6i. cl. bds. ; or as. 6d. cl. limp. IJust published, 
** The Tolume is a capital study of a most important subject"— ^<rr£nfAMr<tf Gasette. 
" Will tie found of great assistance by those who intend to commence a system of boolc-lceep* 

fai^, tlie author's examples being clear and explicit, and his explanations^ wlule full and accurate^ 

being to a large extent free from technicalities."'— I^sw StoeM y»unuU, 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK, Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Departcbent of Crops, Live Stock, Dairy, &c. &c with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record of the Farming Operations. By Johnson M, Woodiiak, 
Chartered Accountant, Author of "Book-keeping for Farmers." Folio, 
7S. 6d, half bound. ieultur*. 

''Contains every requidte form for keeping farm accounts readily and acatarately."— ^^ri> 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN: or, How to Grow Early Fruits, 
Flowers, and V^etables. With Plans and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry imder Glass. &c. &c„ and on VenU- 
lation. Protecting Vine Borders, &c. With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6a. cloth. 
" A good book, and fairly fills a place that was In some de^ee vacant The book is written with 

great care, and contains a great deal of valuable teaching."— GarJtmrs' Mazasine. 

" Mr. Wood's book is an orkinal and exhaustive answer to the question 'How to Grow Early 

Fruits. Ftowers and Vegetables V "--LaMd mnd IVaUr, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 

Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 

Fourth Edition, with considerable Additions, &c., and numerous lUustratioDS. 

Crown 8vo, 3s. 6d. cloth. 

** A very good book, and one to be Ugfahr recommended as a practical guide. The practical 
dlrecti<ms are exceUent."— ^/A/n«WM. 

"May be recommended to young gardeners^ cottagers, and spedally to amateurs, for the 
plidn, dmple, and trustworthy information it gives on common matters too often nes^ected."— 
Gurmtntr^ Chronidt, 

Gainful Gardening. 

MULTUM-IN'PAKVO GARDENING; cr. How to make One 
Acre of Land produce £6ao a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 r er 
annum clear Profit. By Samuel Wood, Author of "Good Gardening," &c 
Fifth and cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
fardener, but to the market grower." — GartUfur^ AfagoMttu, 

Gardening for Ladies. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs* Complete Guide. By S. Wood. With Illusts. Cr.Svo, 35. 6d, cU 

" This v(dume contains a good deal of sound, common sense instruction."— /^/orir/. 

*'Fu]l of shrewd hints and useful instructions, based on a lifetime of 9xpvxiitacm,''Scoisman, 

Beceipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charlbs W. Quin. lamo, 
IS. 6d. cloth limp. 
** A useful and han<fy book, containing a good deal of vahiable Informatioa."'— ^fiAaMtiMM. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden." Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." lamo, s** 6d. doth boards. V^ust published, 

" The most vahtable oompendfami of kitchen and market-garden woric fmhaaSed,"— Farmer, 

Cottage Gardening. 

COTTAGE GARDENING: or, Flowers, Fruits, and VegetabUs for 
Small Gardem. By B. Hobday, itmo, is. 6d. cloth limp. 
" CoBtalas — ch awftd lafannaHnn st a smaB dtaig*."— g/ a ^f »■ > MermUt. 
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X.AND AND ESTATE MANAGEMENT, LAW, etc. 



Hudson's Land Valuer's Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improvod Plan, for Calcnlatinc the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edidon. Royal asmo, leather, 
elastic band, 4s. 

**Tlili new edirion Inchidet tmbles for ascettalnliig th« Tahte of leases for any tenn of ytarai 
«Dd for sbowinf how to lay out plots of eround of certain acres in forms, square, round, ftc. wiw 
irmkiable mks lor ascertaining the probable wortli of standing timber to any amount ; and is ot 
' •nra l n iia bto vakM to the couninr gentleman and professional man.**— /^■n»ttr/ ycumai, 

EwarVs Land Improver's Bocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULJE^ 
TABLES and MEMORANDA required in any Computation relating to ths 
Permanent Improvement of Landed Property, By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal samo, oblong, 
leather, gilt edges, with elastic band, 4s. 
** A compendious and handy little TofaoM."— ^^^dMrr. 

Ownplete Agricfultural Surveyor's JPockeUBook* 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLBTB POCKET-BOOK, Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, ys. 6d, 

- Hudson's book is the best ready'reckoner on matters relating to die rahiation of land and 
«rops, and iu combination with Mr. Ewart's work greatly enhances the vahie and usefulness of ths 
Matter-mentioned. ... It is most usefid as a manual for reference."— yV^rtA ^EngloMd Farmtr, 

JLuctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUBR^S POCKET ASSISTANT, tortheValua- 
don for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventoricb, &c. Bv John Whbblbr, 
Valuer, Ac. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, &c. Royal aamo, 5s. cloth. 

•* A neat and concise book of reference, contafaiing an admirable and deariy-arraiwed list of 

prices for inTentories, and a rery practical guide to d^eimiae the Talne of fvuaitux9,tK.'*— Standard. 

" Contains a large quantity of varied and useful information as to the Tahiation for purchase^ 

•sale, or renewal ofleues. annuities and reTersions. and of property generally, with Prices for 

tinventories, and a guide to determine the valne of interior iktings and omer eflects."— inwiUcr. 

JLuctioneering. 

AUCTIONEERS : Tkeir Duties and LiabiliHes. A Manual of 
Instruction and Counsel for the Young Auctioneer. By Robert Squibbs, 
Auctioneer. Second Edition, Revised and partly Re-written. DemsrSvo, 
Z2S. 6d, cloth. (17ms< published. 

*'The position and duties of auctioneers treated compendiously and dearly."— ^»*Mer. 
"Every auctioneer ought to possess a copy of this excellent work."— /rM»»«^«sf«r. 
" Of great valuo to the profession. ... We readUy wdcome this book from the ftct that it 
tieats the subject in a manner somewhat new to the profession."— ^f/o/itf GoMttte* 

Legal Guide for Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS* 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of " The Law 
of Slander and Libel," &c. Witn Additions and Corrections. Feap. 8vO| 
35. 6d. cloth. 

•* This work contains simply ererythlng that requires to be known cooeemfaig the department 
«f the law of which it treats. Wecansafely commend the book as unique and very nearly perfJpcL" 



" The task undertaken by Mr. FoDcard has been very satisfactorily performed. . . . Suchez> 
{danations as are needful have been fiuppliad with gseat desrasw and with due regard to bkeritf." 
City^rus. 
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ANi>« ^.iYincliS^i.^**^'^. ^iij^^*^<^a% Treated. By Alex- 
trations, andmduding^^ most r^^^J^d re4ed, with additional lUus- 

MINING rOOZS, Manual of Ir^^^w^srS. 6d4 
A«ent», Students &c. By Wix^^ ^or the Use of Mine Managers, 

MINING TOOLS^TJi^^^^o^aj^^ «.6d. 
cont^i^^'lf^^^^^"^^^^ t^lS^^g* to Dlustrate the above, 

fecture, ?^?^nnd s2^f • J^d A;^,r?*^taining History of Iron Manu- 
^«^*^ **liSa^ed^\ «^- ^^^ ^^ Iron Ore.. IVoccsscs of Manu- 
jevi8edafld^5?*^';^^V VA«_ ^ ^- ^Aukrman. F.G.S. Sixth Edition, 

[yusfjublished. 
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Commercial. By D. c. r^A^i^^^;? KCNTi?, Scientific, Practical, and 
264, ^ ir/i25r BOOKpH^ MT^'^'Z'^> Mining Engineer, &c. 3s.t 

Sciences connected tW^th.^;^ ^Niy QUARRY^G^ ^th the 
J. H. CoiXiNS, ^_:5:S^Seco\.fe?jmary Sch^^i^^d Self Instruction. By 
_~— H:x2^^;^^^with additions. is.6d. 

16, ARcmTECTUR^^^^^^J\^^rymo, etc. 

. . ^r;2/™cr!^^^ ^^--^ llfi'-''^*^^ Orders .nd their ^th.tic 
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/^^i M V«^. C K S;;on«l Edition, corrected. ^V^fV^^ Gcoet»l 
" ' f^TcKivORK: a Practical Treatise, embodymg tTae^^ P, «. 

• ^^f'iLW^Pi^ciples of Bricklaying. CumnB and Setong, W= 
»5«- »»4 *Vs«<«»dEdition. Revised and Enlarged. i«-6a. jj^jlg 

^*i*»»- l^""" , KRiCK AND TILE BOOK. Cotnpte , 

»*^* »"*0?J.6S: Strongly baif -bound. ,,=.d.<: ^^^ 

•* J^T TIMBER MERCHANT'S, SAW-MILLER'S, %c 

.53. ^^^r%:§.--gi?p^-°'^^^S tSS?&^^"acb« - ^ 

Pas FITTING: A. Practical Handbook treating ot fl 
«59- ^fcription of Gas Laying and Fitting. By John Bu^ck. wim » 

^(miNGAND ITS APPLICATION: A. Handbo^^J, 

•6t' ''nte of Students. By Gborok H. Biaghovb. is. 6d. l""*'^?^/, 

TH£ ^/i T OFPRA CTICAL BRICK CUTTING &• SBlf'' 

*6S' B? Adam Hammond. VTitb 90 Engravings, is. 6d. [Jusif''"",' 

THE SCIENCE OF BUILDING : An Elementary TteaM 

«67- tbe Principles of Constmction. Adapted to the Reonirements ot A«i 

iaral Students. By E. "Wvndham Tarn, TsS..A.. Lond. Third Editioii.^ 

and Enlarged. With S9 'W^ood Engravings. 3s. 6d.t iy«J<^W» 

SttlPB\Jll-r>lKG, 11A.V1GA.T1011, MARIH 

ti. NAVAL ARCHITECTURE. An S^xposition of the Elem 

' * principles of tt» Science, and their Practical Amplication to Naval C« 

tion. By J. Fbakb. Fifth EjUtton, vrith Plates and Diagtanu. 31. ( 

-•. SHIPS FOR OCEAN &• RIVER SERVICE, Elemento 

FS^^-^r J'o'^JS^^ Sf » ^^ Construction of. By B. A. So«i«»rau>I 

J... AN ATLAS Of ENGRA VINGS to irfnsUate the abow. 

5* large folding plates. Royal 4to, cloth. 7s 6d 
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WKAL«'S RtJDm«MTARY SERIES. 

67. CLOCKS, iVAJVffESj^^^ Seventh Edition,rcvi.cdand 

^^S^T-t'y/^TY^Vb^*^^^^ XOCJr5. Compiled from . 
Sx**» CONSTKuCliy^ 1.^ Wdited by Charlm TOMUNSON. F.Rb. » , 
^^7^ ^itllz^^o'UNDER^S MANUAL; Instructio^ ^J 

Brpnxine. «u:. JjVLth ^^^t^^»/^ PAINTING MADE EASY* fj 
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V rAe two prrcedfni^ %T^^k-,HiT»*s Complete Hani^book;^ fs. ^ ^^,^^1^ 

262. THE ^^{^^l^^^^^^^ ByloHia 

^61 MECIIiNlCAL DENTISTRY: A Practical Treatise on tie 

263. MEC//ANJL^^ ^^^^^^^ ^^^^ ^^ Artificial Denture, with Fcmi.^3', 
wrKeceiptsV&c- By Charles Hunter. Third Edition. 3=1 



MISCELLANEOUS VOLUMES- _^„^ 

,6 A niCTIONARY OF TERMS used in ARCHITECTURE 

^ BUILDING ENGINEERING, MINING, METALLURGY, ARCHM- 

ni^nGYihi FINE ARTS, esH:, By John Wbalb. Fifth E^tion. Revised 

& RdBBkx Hunt, F.R.S. Illustratei. 5s. limp ; 6s. cloih boards. 

CO. THE LAW OF CONTRACTS FOR WORKS AND SER- 

' VICES By David Gibbons. Third Edition, enlarged. 3s.* 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B A M D. A Family Guide in all Cases'of Accideaxt and Emergency. »•* 
ii2». MANAGEMENT OF HEALTH A Manual ot Home and 
Personal Hygiene. By the Rev. Jambs Baird. B.A. is. 
I CO. LOGIC, Pure and Applied. By S. H. Bmmrns. is. 6d. 
151. SELECTIONS FROM LOCKE'S ESSAYS ON TBE 

HUMAN UNDERSTANDING, With Notes by S. H. Emmbns. ». 
154. GENERAL HINTS TO EMIGRANTS. 2s. 
157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

Jambs Mann, F.R.A.S., F.M.S. Second Edition. Map. as. 
\^y HANDBOOK OF FIELD FORTIFICATION By Majoi 
W. W. Knollys, F.R.G.S. ^With 163 WoodcuU. ts.t 
- 194. THE HOUSE MANAGER :^'Reai^ a Gx^de to Ho^isekeepm.. 
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14 WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 



FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genden of French Nouns. By G. L. Strauss, Ph.D. x«. 6d 

25. French-English Dictionary. Comprising a large number of 

- New Tenni used in Engineering, Mining, 8tc. By Alprbd Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. is. 
15,26. French Dictionary (as above). Complete, in One VoL, 3s.: 

doth boards, js. 6d. *«* Or witii tiie Grammar, cloth boards, 4s. 6d. 
47* French and English Phrase Book : containing Intro- 
ductory Lessons, witfi Translations, several Vocabularies of Wor^, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German -French -English. Part II. English-Ger- 
man-French. Part III. French- German -English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

8c 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Conrse 

of Exercises. By Alprbd Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. I. Italian-English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. a. 

English-French-Italian. as. 6d. 

32. Italian Triglot Dictionary.' By Alfred Elwes. VoL 3. 

French-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form, With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 8cc. 
with the proper Accents and the Gender of every Noun. By Alfred Elwbs 
4s. ; cloth boards, ss. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese- EngUsh and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
, Engineering, &c., with the proper Accents and the Gender of every Noon. 
B^ Alfred Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. %* Or 
with the Grammar, cloth boards, 7s. 

HEBREW. 
46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebreiv and English Dictionary, Biblical and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings, ^y Dr. Bresslau. 68. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 38. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. 
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LATIN. 
r9. Latin Grammar. Containing the Inflections and Elementary 
Principles of Translation and Construction. By the Rfev. Thomas Goodwin, 
MJ^., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By die 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 

cloth boards, 4s. 6d. *«* Or with the Grambiar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Autiiors, 

with Grenealogical Vocabularies and Explanatory Notes, by H. YouNO. is. 6d.' 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3. Cornelius Nepos. With Notes. By H. Touno. is. 

4. VirgiUl Maronis Bucolica et G«orgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Vlrgilii Maronis -^Ineis. With Notes, Critical and Explanatoiv, 

b;y H. Young. New Edition, revised and improved With copious Adcu- 
tional Notes by Rev. T. H. L. Lbary; D.C.L., tbrmerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Books i.— vi., is. 6d. 

5^ Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horac^ ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B A., Trin. Coll., Cam. is. 6d. 

9. Terentil Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentil Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, MA. 2s. 

1 1. Terentil Ennuchus, Comoedia. Notes, by Rev. J. Dayies, M.A. 

is. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs. M J\.. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
is.6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith 
UJl., F.R.G.S. 2s. 

16. I.ivy ! History of Rome. Notes bv H. Young and W. B. Smith, 

MJl. Parti. Books i., ii., A. 6d. 
16*. Part 2. Books iii., iv., v., is. fid. 

17. Part 3. Books xxi., xxii., is. 6<1. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitmvins, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maxiatus Sueto- 
niuk, ApiUeias, 8cc. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A-, Lecturer on Logic at King's College, London. *s. 

7. stationers' HALL COURT, LUDGATS HILL, E.C 
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GREEK, 

[4. Gr6«k Graiiimart in accordance with the Principles and Philo- 
logies Rese^rcbes ttf the most eminec: f^cbdiirs of our owb day. Hy Hans 
CLACi>n Hajullton. is. 6d. 
15,17. Greek 1-exlcon, Containing all the Words in General Use, with 

their SlgclficAtiaDs, Inflections, and Doubtful Quantities. Bj Hbnry R* 
HAViVTrv. Vdl. r. Grcrk-Eitfrll^l], ». 6d. ; VoL J. En^Ush -Greeks 34! . Or 
tbe Two Vols, in One^ 4s. £d.; clotb boards. 51. 

14,15. Greek Lexicon (as above). Complete, with the GAAMMAJt, in 

I J. One Vol.^ clotb bo^^rdj, €i. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greak Delectus. Cont^iiniDg Eattracls from Classical Authors, 

with Genealogtcal Vocabularit^ an J Explanatory Notu, b^H. YouNO. New 
Edition, with an Improved and enlarg;ed SiipplemeDiary Vocabulary, by Johw 
HbTCMiflOS, M.A.j nf the lliEb School, Glasj^ow. is. &d. 

2,3. Xenophont^s Anabasis ; or. The Retreat of the Ten Thousand, 

Notes and a GeoprapbicaJ Register, by H. Y&uko. Part i, Books i. to Ui., 
T». Part a. Books iv. to %-ii., is, 

4. Luclan's Select Dialogues. The Text carefully revised, with 

Gr«4tiitDiitical and ExplanaLoO' Notra, by H. Yot/sro* i«. 6d. 
5-12, Homer, The W^orks of. According to the Text of Eakumlhin. 
With Notes, Critical and Explanatoty, dmwQ from the best and latest 
AuthoTitJF^, with Prelioitnary Observations and AppDodlcei, bj T. H. L. 
LiAHV, il.A., DXX. 



THtliJAD: ^ 

Part 3. Books Til. tdiii+j IS. 6d> 

Th« Qbraaw: Part i. BookiL to vi,^ is. 6d 
Part a. EoofciTii.toiii., Ts.6d* 



Part J* Books liii* to iviii,, is* 6d, 

Fart 4* Books xix. to miiv,, is. Gd. 

Part J. Bqolcs Jtiii. to iviii., is. 6d. 

Part 4, Books lix, bo xxiv,^ and 



rj. Plato*9 Dialogues : The Apology of Socrates, the CritOi and 

the Pbido. From the T«t of C. F. Hhhmann. Edited with Notes, Critical 
and EiplabAtory^ by the Rev. Jahes Davies^ M.A, as, 

14^17. Herodotus, The History of, chiefly after the Text of Gaisfoms. 

With Prehminary Observations and Appendicfri, and Notes, Critical and 

EipUnatory, by T. H. L. Lkahv. U.A., D.CL, 

Part I, Books i.. ii. (The Clio and Euttfrpe^, 25. 
Part a. Books ih., iv. rihe Thai i a and Melpomene), 23, 
Part 3- Bookj v.-vii. (The Te^pslchcrl.^ Erato, and Polymfliah as. 
Part 4. Books vlij., 11. ClTie Urajiia and Calliope) and ^ ndtx, h, 6d, 
t8, Sophocles: CEdipus Tyraontis. Notes by H, YoUNG. is> 
£0, Sophocles: Aubgone. From the Teitt of DiNDORF, Notesi 

Ch lital and Eiplanatory, by tho Rev. John Milnrr, B,A. 31. 
tj, Euripides : Hecuba and Medea, Chiefly from the Text of DlN- 

DORP. With Notej, Critical and Explanatory, by W. BKOWhrniGG SMrrK, 

M.A., F.K,G.Sh is. 6d- 
zb. Euripides : Alcastis, Chiefly from the Text of Dindorf. With 

Notes, Critical and Eiplanatory^ by John Milnbr, B.A. js. 6d. 
30. jEschylus : Prometheus \ mctus : The Prometheus Bound. FrOrti 

the Teit of fJiwDORr. Edited, with Ed^ltsh Notes^ Critical and Explaoatory, 

by the Rev, Jam^s Da vies, M.A, is. 
12. ^schylus : Septem Contra Thebes ; The Seven against Thebes. 

From tbe Teit of Dj:«>ORP. Editt-d^ with Eoglish Note^, Critical and Ex- 
planatory, by tbs Rev. JamBs Davjbe, M,A. is. 

±0. Arlstophaues i Aeharoians. Chiefly bom the Text of C, H. 

WviSB, With Note*, byCS.T. Tow?*fiRttND,lI,A. is*6d, 
4t, Thucydides ; History of the Peloponnesian War- Notes by H, 

YOLTNG- Booki. IB. 6d. « .. 

42» Xeuophon'9 Panegyric on Agesilaus- Notes and Intro- 

duttionbyLL. F, W^ JiiwitT. is.6d. 

43, Demosthenes, The Oration on tlie Crown and the Philippics, 

W ith Efiglish Notes, By Rev, T. H. L. LbAH¥, DX.L., formerly Scholar of 
Brasenosii Coll ege, Oxford, is, 6d. 
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' GREEK. 

z'— ii rrammar in accordance with the Principles and Ft 
' *■ "^wkS R^«?.X*f W »••' -'-■" »<='">'-' »' °" •"" ^'- ^' 

Claud. Ha«.|.io». "• *f'^i„ ^y th^ Wo,j„ i„ General Use, -"O^ 
,5,17. Gteek Lexicon. Contwnm^^^ «e ^ Q„„titi«. B,H.s«v g; 

,.,o"^^rfflS»-^^r»e^^.wit. U>e G.tAMMXB..« 

17, Ooe Vol., clotb boirds, 65. „ . ^ v v. 
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4. lluclan's Serect Dialogues. The Text careMy Tevised>tb 

^ Grammatical and Ejpl*o^to^^VU«, by H. Yoi.:.<. la. 6d. 



5-,a. HcmBr.TheWork.cf. According to the Te^t of BaeUML«^^ 
^ With Notes, Critical ind ExpV^nato^, drawn from tbe best and laie=. 

Autboritipj. with PrtUmlaafy Obserrations and Appendices, by T. W 



T»- Tui^ P^Hi BfD"kiuioi:i.! is^^' I Part 3* Rooks xiiL to x^nii., i*-,^* 

THi ruAt.. Fart I. g^^g^^^t^ ^^L, „.6d. Part 4- liooks =.U. to xxIvm is.6^ 

T»b00T5S«v; Parti: Bocitsi,tovi.,i»,^ Part 3. gooki lUu to xviii., W- W^^ 

Parts. Booksvii,toxii., is.fid* i Pnrt 4. Books xii, to rxiv., ana 

I HymnSp as. 

n. Plato'9 Dialogues: The Apology or Socrates, the Crito,and 

tbe Pb^do. From tbo Text of C. F. Hermann. Edited witb Notes, Critical 

14-17^ HerSdotus7Tlie Histary of, chiefly after tlie Text of Gaisford 
TVith PreUtnmary Obseirations and Appendices, and Notes, Critical and 
ExplaiiatoT>.byT. H. L- Lharv, M.A DC.L 

Part I, Books 1.. it* (The Cho and EuteiyeK "* 
Fart 2 Books iii,^ iv. {llie Thalia and lSfelpoinene')i as* 
Part 1 Books T.-vii. {Tte Terpsictore, Etato, and Polymnia), 28. 
Part 4^ Books viii.. ii* (Tbe ITrania and Calliope) and Index, xs. 6d. 
[8. Sophocles: CEdipusTyranntis. Notes by H. YouNG. is. 
20. Sophocles: Antigone. From the Text of Dindoblf. Notes, 

CrvLii^iil and EipUnatoiy, by tbo Rev. JoHW Milne R, B,A. 2S. 

t^. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
do rf. With Notes, Critical and Etplanatory, by W. BstOWNRiGG Smith, 
M.A., F*R.G.S. 13. 6d* ^, . „ ^ „-.o 

26, Euripides : Akestis. Chiefly from the Text of DiNDORF. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. j^schylus J ProToelheuB Vinctus : The Prom etiieus Bound. From 
the Teit of DiNPOR'" Edited, with Ertg-Ush Notes, Critical and Explanatory, 
by the Rev. Jambs Davies, M.A. is. 

33. .ffilschylus ! Septem Contra Thebes : The Seven against Thebes. 

From tbe Tent of DiJfDORF^ Edited, witb English Notes, Critical and Kx- 
planatory, by the lt«v, James Davids, M.A. is. 

40* Arlfiiophaxiesi Aeharnians, Chiefly fiom the Text ofCH. 

Wbisi, With NotM, by C. S. T, Towmshknd, M.A, is. 6d. 
ti. Thucydidesi History of the Peloponnesian War, Notes \)Vll. 

YouivG. Book 1. ". 6d. ^ J 

+2- Xenophon'a PaneeYrtc on AgesUaus. Notes and W . 

auction by Ll, F- W. 1 twiTx. ts. 6d ^» dnU i^^^j^j. 

43. Bemosthenes. The Oration qu the Crowti and the Pi,-i- 

Witb E=i^li^t Notes, By Ke,. T H, L.Lkary, D.CL., fonneri; S'l^cs. 
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